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SURGICAL PROSTHESIS 
Seymour Polansky, Riverside, Conn., assignor to Ethicon, 
Inc., Somervflle, NJ., a corporatfon of New Jersey 
Filed Sept 28, 1965, Ser. No. 502,801 
16 awns. (CK3— 1) 

The present application is a contmuation-in-part of my 
earlier filed copending applications Serial No. 246,002 
filed December 20, 1962, now abandoned, and Serial No. 
267,083 filed March 22, 1963 (now abandoned). 

TTiis invention relates to prostheses requiring support 
to maintain an open lumen when placed in an animal 
body, particularly in the human body. More particularly, 
the invention has to do with artificial parts for an animal 
hody. ■ . 

During, the past decade, considerable attention has 
been given, to development of artificial vascular parts 
or grafts as implants for animal bodies. Synthetics such 
as Vinyon-N, nylon, Orion, Dacron, Teflon and Ivalon 
have been woven and knitted into tubes and other suitable 
shapes, for use as. arteries, veins, ducts, esophagi and the 
like. It has been recognized that an artificial graft must 
meet a number of standards in order to be of value. In 
particular, the graft must have certain physical properties 
such that it can be readily handled and manipulated dur- 
ing the specific surgery calling, for its use. It must be 
flexible, for such is essential during an operation, when 
. time is critical and the graft must be acconunodated to 
the artery, vein or the like to which it is being secured. 
It is sometimes necessary in surgery to bend a device or 
graft either around or under a body organ. An essential 
feature is that the graft be suffidently rigid, though bend- 
able, to allow for flexing without collapse and closing of 
the lumen thereof. If the graft does not have such 
strength, there is ever present the danger that when bent 
or flexed acutely in the body the lumen would collapse, 
leading to fatality. 

It has also been recognized that a suitable prosthesis 
for the body should be non-toxic, flexible and porous. 
The ideal prosthesis should retain its strength permanently 
in intimate contact with the body fluids and should be. 
readily accepted and incorporated into the tissues. Poros-. 
ity is an inoportant characteristic of such a prosthesis to 
avoid the formation of fluid packets and to promote the 
growth through the fabric of repair tissue. Proper merg- 
ing of the fabric with the body structure is also essential 

It is an object of this invention to provide flexible im- 
plants in the form of a tube comprising an association 
of collagen and a non-absorbable material wherem. col- 
lagen and a ' non-absorbable material, in the form of a 
reinforcement, are integrated according to a predetermined 
pattern. A further object is to provide a tube in which 
a non-absorbable material is integrated in the form of a 
pattern ■ adjacent the outer surface only of the tube to 
provide mechanical support therefor. Still another object 
is to form artificial vascular parts for an animal body 
.suitable for use as arteries, veins, ducts, esophagi, trachea, 
or the like, the parts liayjiig^sired porosity and being 
free from kinking or collapsing in any desired diameter or 
length. Still other objects of the invention will appear 
from the following description. 

The foregoing objects arc realized by providing an 
article of cylindrical tube shape coniprising an association 
of collagen and a non-absorbable material A having inte- 
grated therewith a non-absorbable material B. Material 



B is integrated in a patterned arrangement with an associa- 
tion of collagen and material A to provide.. nsechanical 
support. Particularty preferred, however, is an article 
wherein material B is so integrated upon the outer surface 
5 only of the tube as to provide mechanical support for 
said tube. As used herein, the term **integiated** means 
that material B is actually incorporated into the structure 
of the tube, as by weaving, such that material B is estab- 
lished as an. integral and patterned portion of the tube. 
10 As pointed out hereinafter m more detail, materials A and 
B can be the same or different 

A better understanding of the invention may be. had 
from the following description read in oonjnnction with 
the accompanying drawings in which: 
15 FIGURE 1 is a perspective view of a reinforced col* 
lagen-containing tube embodyuig the invention; 

FIG. 2 is a diagranomatic perspective view, somewhat 
enlarged, of . a portion of the tube shown in FIG. 1; 
FIG. 3 is a planar development of a portion of the sur* 
20 face of FIG. 2; 

FIGS. 4, 5, 6, 7, and 8 are, respectively, longitudinal 
sectional views on lines 4—4, 5 — 5, 6--6, 7 — 7, and 
of FIG. 2 looking in the direction of the arrows 
shown In the last-mentioned .figure; 
25 .: FIG. 9 is a diagrammatic view illustrating the manner 
..in which the body portion of the collagen-containing tube 
can be woven, it being understood that the selvedged edges 
of the woven membo- complete the tube as indicated by 
dotted lines; 

30 . FIG. 10 is a weave pattern for a tube embodying the 
present invention; and 

FIG. . 1 1 indicates diagranunatically the shuttles which 
are active in weaving the various picks in accordance with 
the pattern of FIG. 10. 

35 Collagen used herein can be prepared as described in 
United States Paitent No. 2,920,000 of H. R; HochsUdt 
and E. R. Lieberman. The preparation of a collagen 
multifilament suitable for use is described in copending 
application Serial No. 216,247, filed August 10, 196^ 
and Example XH of U.S. Patent No. 3,1 14,372. 

The artificial vascular parts or. tubes contemplated 
herein, comprise collagen filaments associated with fila- 
ments of a oon-absorbable material which has been desig- 
nated as ''material A." Material A is not absorbed, by 

45 an animal body, such as the human body, when present 
therein over ^tended time intervals (e.g., a decade)^ 
Material A can be natural or synthetic. Examples of 
suitable materials from which such filaments can be made 
are.: Vinyon-N, a resin manufactured by the Carbide & 

50 Carbon Corporation, by copolymerizing vinyl chloride 
and acrylonitrfle; Saran, a vinyl chloride polymer manu- 
foctured by the Dow Chemical Company; nylon, a poly- 
amtde resin made by polymerizaticm of the hexamethylene* 
diamine salt of adipic acid; Orion, a synthetic fiber made 

55 from polyacrylonitrile; Dacron, a synthetic fiber made 
from terephthalic acid and ethylene glycol; Teflon, a tetro- 
fluoroethylene polymer; polyoleflns such as polyethylene . 
and polypropylene. Nylon, . Orion, Dacron, and T^on 
are products of the E. 1. du Port de Nemours & Co. 

60 Preferred herein are Dacron, Teflon and polyoleflns. 

The filaments of non-absorbable. material B is inte « 

* grated as a jein tore ing element with a coilagen-non- . 
absorbable matenaTA tube, can be the same as material 
A or can be ditl^erenL In general, material B is the same 
as material A and is one of those given above under the 
designation "material^ A." In the event that material 3 . 
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differs from material A, it is also taken from the same 
group of materials identified by the designation "material 
A.** 

In the embodiment of the invention ilhistrated in the 
several figures, there b provided a woven tube 10 hay- 
ing a main or body portion 11 extending throughout its 
length with a series of reinforcing ring sections. 12 ^»aced 
along the tube adjacent its outer surfMc and lonmng an 
integral part thereof. The tube comprises warp — ~ 



13 which arc multifilaments inade of mixtures of coll 
filamenU and fflaments . of any other material A here- 
tofore suggested Appropriate percentages of the re- 
spective filaments desirably included in each of the yams 
are set forth in examples to follow. 



10 



tion of FIG. 4, warp yam 13a passes over both floateis 
in leftmost group 1. In the. section of FIG. 5, warp yam 
136 b spaced three warp yams away from warp yam 13fl 
and likewise passes over both -floaters 15 and 16 in group 
2. In the section of FIG. 6/ "warp yam 13c b spaced 
three yams aTOy .from warp, yams 136 and overlies picks 
15 and 16 in group 3. And in the section of HG. 7» 
warp yam 13d b spaced three warp yams away from 
warp yam 13c and overlies picks 15 and 16 in group 4. 
Thb arrangement is repeated in the respective groups 
every eighth warp yam around the tube in the direction 
of the arrow. 

In the section shown in FIG. 8, warp yam 13^ passes 
over the underiying pick 15 in group 1 and under the 



The tube in i^S^^r b^rpiirtioa has weft yarn s 15 overlying pick 16 in Aat group. Tlib pattern is repeated 
■me. tuT» m lis mam or way pui ^ — r-J-w. gp^ccd intervals of eight warp yams m the circum- 

ferential direction of the arrow as regards each group 
and at spaced intervals.crf three warp yams in the direc- 
tion of the arroi^ as between the respective groups 1, 2, 
20 3, and 4 in each ring section. 

With a weave pattern of the type just described, the 



or picks 14 w hich can be the same as those used i nthe 
wa^ or'w&icfiljan possess ditterent percentages of col: 
lagexrfilaments and other filaments of material A de- 
pending upon the characteristics desired to be built , into 
the implant. Th e tube in its reinforcing riny sections 12 
com prises additional pic ks or weft vams 15 and-l6_of 
material B i ntegrate d into the weave and which serve . 
to prevent it' from kmkmg or collapsittg even when re- 
peatedly flexed. T he picks 15 and 1< of matitial .B . 
ca n be . multifilaments or monofliameno . preierabiy the 26 
lattfcT and preferabl y heavier than the warp o^^^^ ^ 
we ft threads and of a size dependent upon tne stroigth 
desired to be built into the implant. These rdnforcm g 
p icks (15 and 16) can be made of a non-absorbable ma- 
terial B wliicn ^g_g^ _ff^ same as the non-afas orba we 
m ateiiarA"1g aafgg^S2nn those yams wfiich indnde the. 
collagen oflhey can be made of a different non^bsoit^ 
able material as previously pointed ouL 

Between the ring sections 12 of the tube there are body 
sections ll^i in which each visit 14 weaves above alter- 
nate warp yams and below intervening waip yams.. In 
the ling sections -12 per se, the picks are arranged in four 
groups 1, 2» 3, and 4, of three i»cks each of which one 
.pick in each group, i.e., the inner pick 14 preferably is 
woven of the same yam as in the body sections tla be- 
tween ring sections, and with the same type of weave, 
t^^ above alternate warp yams and below .intervening 
warp yams (FIG. 2). The picks 14 in the ring.jsections 
lie in the same cylindrical surface as the picks 14Jn.t]ie 
body sections 11a of the tube between ring sectioins. 
Adjacent the outer surface^of the tube thfilB_i8 in each 
grdiip of^lcks in the ring sections, a pick of the rein- 
forcing matetial w faidi floats over three waip yma and 
passes beneath each fourth warp yam, and a pick 16 of 
. reinforcing material which overlies . pick 15 and whidi 
floats over seven warp yams beneath each' eigbUi warp 
yam. The underiying floater yams 15 in each group pass 
under the same warp yams as, do the overljring. floater 
yams 16 in such group, but the imderiying floaters pass 
beneath additional warp yams wbidi are located inter- 
mediate those und&T which the overlying floater yams 
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pass. 

In each ring section and ais between the groups 1» 2,. 
3, and 4, the overlying floater picks. 16 of the respective 
groups pass beneath warp yams spaced three. away in the 
cdrciunferential directiori of the large arrow (FIG. 2) 
from the warp yams under, which psiss the overiying 
floater of the group next to the left. . iThns, in the sec- 



60 



inner wall of the body portion of tltt tube comprising 
warp yams 13 and picks 14 is substantially uniform 
through out its length and devoid of ridges or prominent 
XHOtuberanoes asi mii^ lessen the efSdency of flow 
within the tube in. an. animal body. The picks 15 and 16 
comprising the floaters of the ring sections 12 and which 
sixpply the necessary rigi^ty in the t ube are integrat^ v 
into thie weave of the ring sections but only adjacent thc^ J 
outer surface of Vic tubeT T ! " . J 

^ A weave pattern whiS'iesuhs in a woven tiibe of the 
type heretofore lefierrcd to is shown in HO. 10. This 
pattern from left to right coven a. series of sixteen warp 
yams and is repeated thoughout each adjacent group of 
sixteen warp, yarns. The pattern also includes from top 
to bottom a series of twenty-fbur pidu constituting the : 
ring sections 12 of the tube and a series of sixteen picks 
constituting the body sections 11a of the tube. Insofar 
as the actual wall of the tube is coace m cd, however, as 
distinguished from the maimer in which it is woven, this 
pattern reflects a series of twelve picks compiisiiig the 
groups 1, 2, 3, and 4, in the ring sections 12 of the .tnt»e 
and a series of eii^ picks in the body sections Ilia of 
the tubeu The reason for this Is. that the tube Is woven 
flat and the weave iiattem Is sudi that the loom shuttle, 
as it travels in one direction; cooperates with different . 
groups of warp yams from those it cooperates with on the . 
return stroke of the shuttle. In that portion of the pat- 
t^ which corresponds to the body portion 11a of the 
tube, four picks are laid down before the weave pattern 
is r^eated In the pattern, the shaded squares repre- 
sent a condition where the ^warp overlies the pick during 
the shuttle travel and the twi**iaft^ squares a condition . 
where the. pick oveities the waip during shuttle travel. 
The typt of &bik .ionned- tram' this pattern In the bodty 
portitm Uaof the tube is exonplified hi Example I and 
in FIO. 9 where* "over*- and ^dei" indicates the loca- 
tion of the waip with respect tb the pick, to and 
"r to f (i.e., left to ri^ and right to left, respectively) 
the direction of shuttle movement; , and the letters aio p 
of the a^habet indicate the designation of warp yams, . 
^i^iich in FIG. 9 are fllustrated diagrammatically with 
alternate warp yams at different lev^ as an aid to under- 
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The shuttle ia laying pick w in each r^eat patfem 
represented by FIO. 9 travels first under waip yam a 
located in the top level, and then over waip yam in 
the lower levd. .Thereafter, the shuttle . passes under 
groups of three vaxp yams c-d-^, g-h^, and k'4-fn, of 
which two waip yams are located in the top row and 
one warp yam on ttio bottom row, and over other ^ngle 
waip yams f-j-^ On the return stroke, reading from 
right to left, the shuttle in laying down pick x passes 
first over warp yam p located on the bottom row, then 
under warp yam o located in the top row, then over the 
next three waip yams tu-m-i located two in the bottom 
row and one in the top row and, continuing on the re- 
turn throw, under warp yams k-g-< in the top row and 
over groups of warp yams H-A, /-e-</ and b, located In 
accordance with the pattern, two in the bottom row and 
one in the top row except for b. 

In laying down the third pick y, tiie shuttle, in accord- 
ance with the pattern, travels from left to right under 
. the groups of .warp yams a-b^, e-f^, H-^ ani m-n-^ 
located two in the top row and one in the bottom row, 
and over, waip yams located in the bottom row. 

And' again on its letum stroke from right to left, in ac- 
cordance, with the pattern, the shuttle in laying down 
pick z passes over groups of warp yams p-o-#i, W-/, 
k-g-ft and:i^r-6 located two in the bottom row and one 



monofilaments do not generally require *^eat-setting" to 
provide approximately the same rigidity. It is preferable 
. to.lieat-set A tube be heat-set when it is placed on 
a mandrel or rod which has an external diameter sli^tly 

5 less than that of the tube. The tube with mandrel in- 
serted therethrou^ is then heated to a temperature from 
about lOO* C. to 170' C fot approximately 20-5 mm- 
utes, during which time the tube is heat-set; that i8». it 
assumes a substantially rigid configuration. It is to be 

xo understood that conditions of temipcrature and time will 
vary with the character of materials A and B and the 
quantity of collagen present; however, the conditions 
selected will fall within the range given. . 

Approximate percentage ranges by weight of oHlagen 

15 and materials A and B used herein, are as follows: col- 
lagen, .10 to 90; material .A, 5 to 45; and material B, ' 
5 to 45. 

It is to be understood that any tannii^ agent for col- 
lagen can, be used heieiiL Quomium, formaldehyde, 
20 polyhydroxyphenols, etc can be used alone or in com- 
bination. 

The present invention is more fully described and ex- 
emplified in the following examples and related discus- 
sion. It is to be understood, however, that the inven- 
25 tion is not to be limited to any specific form of materials 
or conditions set forth in the isxami^cs, but is liinited 
solely by the description in this specification and appended 
claims. Throughout the specification and all examples . 
provided herein, all quantities are expressed in parts by 



in the top row, , and under warp, yams m i 4S a. 

In accordance with that pattern, two distinct layers of 
fabric are woven which are joined together at the selvedge 

edges with each pick in the re^ective layers passing over 30 weight unless otherwise spedfied. 
alternate warp yarns and under intervening warp yams, _ 
and with adjacent picks in said layers passmg over the Example U 

mtervening Tams and under' the alternate yams. Such 
a woven fabric can be blocked into a cylinder. 



In this example, a tube is formed of collagen and of 

Vmrtte^mlanari^ronc ddOed 1^ tiSTUrt ludOy 35 Dacrcm^ with annular rih^ being formed of polypropyl- 
jTfMux ui» oii>i»i»iuu, WW *u *M»f v«. E«a«w./ ^^^^ ^ wovcu in accordance with the pattcm 

of FIGS. 10 and 11. One shutter of the loom carries a 



weave tiie pattern <Ai reinfordttg floater picks iUustcated 
hi FIGS. 1 to-3, by following the diagram iUostrated in 
HO. 10. In this connecti<ni it is to be noted that the 
yarn for picks 14, constituting the body portion of the 



mixed coUagen-Dacron multifilament; the second shut- 
tle of the loom carries a polypropylene monofilament 
iTb^ fa Spedlicadons of the mbe and annular ring. U.e«o4 ««: 

reinforcing picks 15 and tS is carried by a different shut* 
tie (FIG. 11), the loom being provided with a plurality 
of boxes at each side to receive the different shuttles and 



which can be selectively brought into operative position 
as demanded by tlie pattern. Again^ with reference to 45 
the pattern shown in FIG. 10, in each ffcoup of picks 14, 
15 and 16, that pidc which has the greatest de^ee of A>at 
is laid down first, namely, the inck 15 corresponding to the 
top cow' m the pattern as the shuttle tmyels from left 
-to right and the second row of: the pattern as- the shntfle* 50 
letnms'fiom ri^ to Idt . Thereafter, during the maX 
four throws of the shuttle, the take-up of the loom is 
stopped in order to obtain the appropriate overlying and 
underiying relationship for the other picks 14 and 15 in 
the group. In other words, out of each six throws of 65 
the shuttle (four to lay down the reinforchig picks 15 
and 16 and the two picks 14 in the body portion of the . 
tube) the take-up of the loom is stopped cm the third, 
fourth, fifth, arid sbcdi throws of the shuttled 

It will be understood, of course, that many variations 60 
in weaving pattern can be made using thie saihe combina- 
tion of yams and with different combinations of yarns, 
aH in order to carry out the general scheme of the 
invention which contemplates the integration of a general 

pattern of reinforcing elements into a tube but adjacent 65 thereof is opened after digestionixdth trypsin. The rigidity 



Weav&— 50 pidcs per iiich; 

Warp— 440 denier ooliagen and 140 dealer Dacran, 2. 

ply, 2.5 turns per inch, 291 ends; 
Filling — same as warp; 

Ring — 14.5 mil polypropylene, monofilament, spacing be^ 
. tween rings %2"» width of ring %0". 

Exatf^le lit 

The same warp and background filling is used as in' 
Example IL Monofilament Saraii (14 mils X is^. used in 
the second shuttle. T ^e spacmg between rings is %s indi. 
After weaving, the tube is 7heat-set'' for 20 min^s at 
160* C on a mandrel The tube is then -removed from 
the mandrel. Digestion with 1% aqueous trypsin solu-. 
tion at .7.4 pH shows that fabric skeleton is. rigid ladiany 
and exhibits some longitudinal flexibility. ■ 

Example IV 

Again, the same warp and background filling is used 
as in Example IL - The axmular ring supporting, stmcture 
is made by using 18 mil.Kynar (Teflon) monofilament 
By simply rolUng the.tube repeatedly by hand, .the lumen 



only the outer sur^ce thereoL For example, instea d 
o f the annular ring config uratio n^shown in FIG. 1, the 
r emforcement can be in the form of a helix , al temating 
rings and tielix , dbuble helixesTlSalf-loops, etc 
~ Material A ts' used in the form of multifilament yams, ^0 
and material B is used in the form of monofilament yams. 
Depending upon the requirements of the implant, de- 
sired rigidity thereof can be achieved by a 'lieat-^etting** 
treatment Muldfilament yams and low gauge monofila- 



of the tube is at least as. great as* that of Example m, 
and also exhibits an ability.'to be bent -without collapse 
of the lumen and to open aild dose in accordion fashion. 

Example V 

The same warp and badcground filling— collagen and 
Dacron-^ used as in Example n. The aimular ring 
reinforcing structure is made using 14 mil polypropylene 



ment yams are generally heat-set While heavier gauge 76 monofilament (picks 15 and 16). The rings are %2 inch 
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»D»it «nd inch wd e. The device-is -tet- on a man- waU fetaicated of Ihrea* of coUagen absorbaM^ 

Tfael at C for 20 minntes. This device, and sev- animal tissue and threads of oAer material noftabsoib- 

era simUar devices, have been implanted in dogs. All able in Uve an^ tissne. and reinforang means located 

h"veVM.alnedi«toit doling 4 month periods. essentiaUy on tte outM. surfaa of said tube and ^^^^ 

uaTB iwiuuBx r . « *• . g intcnnittently along the loflgitudiDal axis thereof, said 

V ■ I vt ' reinforcing means comprising : non-absorbable threads 

Example VI. cifcnrnfercntiaiDy positioned around said tube peipendicii; 

A tube crimped on a. mandrel was held in an autoclave ^^^f^^^^^^^'^,. 

for n.minutes! The pressure in the autoclave was about ««d coo«Un- 

Inthis example, a 6 inch tube was used. Tie tube had fag collagen fflaments and aon-absoifcabie fflaments; 

a diameter of 10 mms. ^f^^^^^ upon which tt was ^a,„ortable momjfiiament located Essentially on 

''^^l^T^'^^i^.p.^ii o.. down) the outer surfece of s^d tube and spaced intennit- 

.t^p -ri'i'^ ' ^^cTis^'- " . a»iS^ss^a'S5nS''^d . 

]^iSH*7rjU^,^fe^d^f5*zr«^^ said tul^p^^n^ to said longitudinal «^ .. 

^JH'p.yJandusedfor ^^ im^ J wl^T^'TSSST^ said yarn con-. 

JS>?.I^d'^oTc1JSioV '"'"^ ^ taming^Uagen.maments and^bsorbable ffla, 

The tube was used for a thoracic implant i? a <Jog. S2S,Swblc multilhament yam located essentiaUy 

The implant coattanes to function after 7 months m the • » "J2«Jf^*i,^^T^d taS *Sl^a^ infer. ; 
^'^"^^ mittCDtly. along the lonsltudixial axis thereof; said 

Example VH 26 m^fftffl^. ™"* y"n hgh»g dnaimfeientially positioned 

around siaid tube perpendicular to said longitudinal 

A-tube (identical to the one in Example VI) cnmped ^ . . 

on a mandrel was immersed in a large excess of water, . ^ the sur^gical prosthesis of claim 2 wherein the mono- 
at a temperature of 50' C for 5 minutes, and filament is patteraly woven into the outer surface oo^ 

dried. The tube was removed from the mandreL Whoi ^ .©f said tube to provide mechanical support therefor, 
rewct with water, the tube lost very little elastiaty and, ^ ^ surgical prosthesis of daim 2 ixdieiein tite mono- 

when bent acutely, an open lumen was i^mtaiiwd. filament is a tcrephthaKc acid ethylene glycol ester fiber. 
These characteristics were exhibited satisfactorily , after ^ The ^ur^cal prosthesis of claim 2 wherem the monor 
several wetting and drying cfydes. .filament is a tBtrafloorbethiiBiie polymer. ; ' 

36 " 7. . The surgical prosthesb of dakn 2 wherein the inoDO- 
BxampleVni . . . filament is a polyethylene polymer. 

8. The surgiod prostheas of daim 2 herein Ae mono^ 

A tube (identical to the one in Exan^Ie VI) crimped filament is a polypropylene poljnner. ... 
on a mandrel was treated with a large excess of an aque- : 9. A'surgical prosthesis, comprising: * 
ons tannfag solution comprising .1 part of formaldehyde, 40 a tube wovoi of warp yuns containing collagen fila- 
chromium sulfate equivalent to 0.4 part of chromic oxide, ments and npa-absorbable filaioients aiid weft yams 

followed by a soluttoii of a5 part of pyrogallol and 0.6. of collagen filaments and .non-abs(n:bable filaments; 

part of NasSjO^. The tube was then dried and the man- . and, 

drcl removed therefrom. The diaracteristics of the tube non-absorbable monofilaments being integrated in a 
were similar to those .of the crimped tnbe obtainied in 45 / series of annular! rings spaced intermfttently on the 
Example VIL . outer surfioe only. Of said tube perpendicular to the 

An advantageous feature of setting the tube in crimped longitudinal axis thereof thereby providhig: mechanl- 

configuration by this tanning technique is avoidance of any cal support for said tube.- . ! ' 

collagen degradation. There is no need to heat the tube XO. VThe surgical prosthesis of claim 9 ;whereui the .' 
during the tanning procedure. mon<^ilahMnt- tiiat fonos 'said azmular rings has the 

A 2 inch sample of this tube was stretched to same coinpotttion as .tiie aon-absorbable filaments . fhiat 

inches and was implanted as an abdominal graft in a dog. arepreseiit ihthe warpyamsof the tube. . 
The suigical proc^ure was without incident The graft li. The surgical prosthesis of claim 9 wherein the 
remains patent after three months. naonofilament that forms isaid annular rings has*: a differ- 

It is to be understood that , any of the known tannibg 65 ^nt composition than the non-absorbable filaments that 
agents for use with collagen can be used herein. Om>* - are present' in the warp yarns of the tube, 
mium, formaldehyde, polyhydroxyphenols, . etc can be liie surgical prosthesis of daim 9 wherein the non- 

used alone or in combination. Particulariy preferred absorbable filaments, in the warp .yams and the non-ab- 
herein, however, are the tanning procedures described in sorbable filaments inte^ated in a series of annular, rings 
United States Patents Nos. 3,166.073 and 3,1660.074. 60 on the. outer sorfkoe of nid tube are. terephliialic add 

As indicated above the articles formed as described. ethylene glycol ester filaments, 
herein ate useful as tubular grafts. They have desired . . 13. jhe suigical prosthesis of daim 9 wherein tlie'non- 
characteristics as revealed by their maneuvefability^.flex- absorbable filanienlsiin ihe warp yams and the non-ab- 
ing quality and capabality of m aintaini ng an open lumen • sorijable. filaments integrated in a series of annular lings 
when flexed. In addition, they have the desired feature . 65 smfece of said tube- are tetraflnbroethyfcne 

of porosity, as well as integrating well with body tissue. fiianwnts. 

While the invention has been described in detail ac- The surgicil prosOiesi^ of dahn 9 wherein the 

cording to^ the. preferred m^ wai^ and weft yams contem from 10% to 90% colla^n- 

SSTsk^^ SS'^cS^^s'^d'^to^S^^ 70 m^nts .and f^^ 10% to 90% nonabsorbable fila- 

T^. r^r^^oT^di?^^ r ^^^dfd .; «f 

daims to cover such changes and modificatiMis. r ^ P ^oUy constructed of a single multifilament yam, 

- What is claimed is: • . - said yam being characterized by tiie:presence therem of 

1. As a surgical proslhesb comprising, a tube havmg a 76 about 2.5 parts by weight collagen monofilaments and 
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about 1 part by weight of non-absoibable monofilameiits.' 

16. The prosthesis of - claim 15 .in a- pennaneady 
crimped conditioa. 
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[57] ABSTRACT 

A ravel-resistant, self-supporting woven synthetic fabric 
vascular graft including a fusible fiber int^rated into the 
weave in the filling yam is provided. The graft is woven 
£rom multifilament polyester warp yams which can be 
textured or fiat. The filling yam includes a low melting 
lusible fiber or resin which can be combined with a stiff 
monofilament The monofilament component provides 
radial rigidity to improve kink and cnish_resistanc e. After 
heat setting, the low melting fusible resin fuses to orthogonal 
warp yams at each intersection and provides mvel resistance 
to the finished graft Imtrov ed kink resistance make the 
tubular grafts suitable for use m medium and small diameter 
peripheral applications. A preferred graft has a single velour 
outer surface and a smooth inner surface. 

27 Clainis, 1 Drawing Sheet 
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RAVEL-RESISIANT SELF-SUPPORTING 
WOVEN VASCULAR GRAFT 

This is a continuation of application Ser. No. 07/875,876 
ffled Afir. 29, 1992, now U.S. Pat No. 5,282,846 issued on ^ 
F^b. 1, 1994 which is a divisional of applicati<m Ser. No. 
07/573^7 filed on Aug. 28, 1990, and now abandoned. 

BACKGROUND OF THE INVENTION 

10 

Tbis invention relates to synthetic vascular grafts, and 
moie paiticulaily to synthetic woven vascular grafts whidi 
are ravel-resistant due to inclusion of a fusible conqionent 
and self-suppoitiqg due to inclusion of a stiffenii^ compo- 
nent 15 

Vascular grafts of synthetic materials are widely used for 
the neplacement of segments of human blood vessels. Syn- 
thetic vascular grafts have taken a wide variety of configu- 
rations and are formed of a wide variety of materials. Among 
the accepted and successful vascular graft implants are those 20 
formed from a bidogicaUy compatible material in tubular 
fonn which retain an open lumen to permit blood to flow 
normally through die graft after impl^tation. Hie biologi- 
cally compatible materials include thermoplastic materials 
such as polyester, polytetrafluotxKthylene (FTTE), silicone 25 
and polyurcthanes. The most widely used are polyester 
fibers and FFFR The polyester fibers, usually Dacron, may 
be knit or woven and may be of a monofilament, or 
multifilament, or staple yanu or combination of each. 

Tbere axe a wide variety of synthetic vascular grafts 30 
presently in use. An important factor in the selection of a 
particular graft is the porosity of the substrate of which the 
graft is formed and the strength requirements for the 
implant Porosity is significant, because it controls the 
tendency to hemonfaage during and after i^^3lantation and 
influences ingrowth of tissue into the wall of the graft 

Synthetic fabric vascular grafts may be of a woven, knit 
or velour construction. A synthetic vascular graft having a 
waip-knit construction is disclosed by William J. liebig in 
U.S. Pat No. 3,945,052. Another graft having a warp knit ^ 
double-velour construction is described by liebig and Ger- 
man Rodriquez in U.S. Pat No. 4,047,252. William J. Liebig 
and Dennis Cummiqgs describe a synthetic woven double- 
velour graft in U.S. Pat No. 4,517,687; the velour loops 
being formed of warp yams which are texturized pieshrunk 
mnlrifilament yams. Tbese three issued United States pat- 
ents for synthetic vascular grafts are assigned to the assignee 
of this application. 

U.S. Pat No. 4,892439 issued to Durmus Koch describes 
a synthetic fabric woven graft with a single velour on the 
outer surface. Tlie graft is described as woven from mul-. 
tifilamoit polyester yams, specifically described as textur- 
ized, with d&e single outer velour formed of filling yams with 
each velour loop extending outside a plurality of warp yams. 

After knitting or weaving the yams into a tubular graft, 
the graft is compacted by a method such as disclosed in U.S. 
Pat Na 3,853,462 to Ray & Smith and No. 3,986,828 to 
Hamum Hoffinan and Jacob Tbisma also assigned to the 
same assignee as this application. Con^action results in 50 
shrinking of the yams in the fabric and generally reduces the 
overall porosity of the fabric substrate. These mbuiar grafts 
after compacting generally have a diameter finom about 6 
mm to 40 mm. 

Subsequent to compacting, synthetic tubular fabric grafts 65 
are crimped. Crimping involves forming ridges in the wall 
of the grafts to eliminate the danger of kinking or collapse 
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of the tubing when flexed and results in uniform, regular, 
drcular corrugations which provide uniform strength over 
the entire surface of the graft tubing. This applies to both the 
wovCT and knit fabric vascular grafts. Examples are shown 
by L. R. Sauvage in U.S. Pat No. 3.878,565 who describes 
a tubular textile synthetic fiber prosthesis of a body having 
a multiplicity of outwardly extending fiber loops. In FIG. 2a, 
the graft body is crimped into irregular, circumferential 
conugations. The degree of protection afforded by irregular 
corrugation varies over the lengths of the mbe and can fall 
below the required level of protection at specific regions. 
The. warp-knit and woven grafts described above m U.S. Pat 
No. 3,945,052, No. 4,047,252 and No. 4,517,687 are drcu- 
lariy crimped. The graft in U.S. Pat No. 4,892,539 is 
crin^)ed in a spiral fashion. Crimped or corrugated walls can 
disrupt blood flow and create areas of thick tissue tmildup, 
due to the profile. 

S. Polansky in U.S. Pat No. 3,304,557 avoids crimping in 
vascular prothesis by forming a mbe with repeating rein- 
forcing ring sections. Tliese reinforcing ring sections incor- 
porate reinforcing picks adjacent only Ae outer surface. He 
proposes that the annular riiigs can be in tiie ftmn of a helix, 
ahemating rings and helix-loops. These latter suggestions 
are similar to the tubular prosthesis of L B. Medell in U.S. 
Pat No. 3,479,670 wherein an open mesh mbe is wrapped 
with two polypropylene monofilament right-hand and left- 
hand helices and ftised to penetrate partially die exterior of 
the mbe. In U.S. Pat No. 3,272,204 to C. Artandi and L. D. 
Bechtol sew a Dacron fabric to Teflon rings or a helix to 
prevent an absorbable collagen reinforced graft tube firom 
collapsing. 

Selection of a particular type of graft substrate by a 
vascular surgeon depends upon several factors. Among the 
factors included is the particular location of the implanta- 
tion. This also dictates the size of the graft in order to 
maintain a sufBciendy large or small tunsen to acconunodate 
the normal blood flow in the region of implantation. The 
ultimate strength requirements and blood pressure in die 
location of implantation also affects die selection. Generally, 
the woven grafts provide greater stiengdi and reduced 
porosity, but are generally considered to be more difficult to 
handle aod sumre and tend to unravel when cut, particularly 
at an oblique angle. Velours are often piefei ied because die 
velour surfaces facilitate growtii of tissue into the loops 
extending ftom the surface of die velour fabric. The knitted 
grafts are generally softer and more easily smured, but are 
generally more porous. Depending on the location of die 
implant and heparinization condidon of the patient syn- 
dietic fabric grafts goicrally must be preclotted widi die 
patients blood before implantation. Preclotting may not be 
essential widi a woven graft, but is generally recommended 
nonetheless. 

T\ibular grafts of smaller diameter, for example, 6 mm and 
below are often utilized in perq)heral regions of die body and 
appendages. To day, the most successful in tins respea are 
grafts of FTFE of the material disdosed by Robert W. Gore 
in U.S. Pat No. 4,187390 amS Na 3,9534 66. These grafts 
are formed by extrosion' of the PITE material. While 
accepted for use in smafl diameter applications, FTFE grafts 
often require surgical replacemem within relatively short 
periods of time con^sared to the larger diameter fabric 
vascular grafts described above. 

Accordingly, it is desirable to provide a syndietic fabric 
vascular graft suitable for a wide variety of dimensions and 
diameters providing the benefits of woven grafts, but do not 
tend to unravel when cut and which do not require crimping 
and will be self-supporting and maintain an open himen, 
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SUMMARY OF THE INVENTION 

Generally speaking, in accoidanoe with the invention, a 
lavel-iesistant, self-suppoiting woven synthetic vascular 
graft having improved Idnk resistance and incaipoiating 
fusible components into the weave are i»ovided. A plurality 
of multifilament warp yams and fiUing yam are woven in 
tubular form and inchide a fusible component to prevent 
unravelling. The filling yam may include a stiffening com- 
ponent to prevent oo&pse and provide a tubular graft of 
increased radial resiliency. The warp yams may be the same 10 
as one another or include fiat and texturized multifilament 
yams. A fiUing of stiffer moix>filament yam and fusible 
components provide radial burst strength, dimensional sta- 
biliiy and radial rigidity with resiliency to maintain the 
lumen of the tubular structure open and provide a sufficient is 
degree of ravel reliance. The graft surface may be smooth 
or a single or a double vdour. 

In a preferred embodiment of the invention, the fusible 
component of the fiUing is a yam formed fiom bicomponent 
fiber having a polyester core surrounded by a low melting 20 
temperature polymer sheath designed to bond to neighboring 
yams to form a soMd bond after exposure to heat In another 
preferred embodiment, the ravel-resistant, self-supporting 
woven vascular graft has an exterior surface similar to a 
velour: The inner suxfece is provided with a fine, low profile ^ 
woven surface to promote smooth, thin pseudointima for- 
mation. The loops on the exterior surface are formed of 
mult^ament warp yams which provide the necessary tex- . 
ture cover for tissue adhesion and ingrowth. The density of 
the multifilament warp yams also controls blood porosity. 

The woven grafts prepared in accordance with the inven- ^ 
tion are particularly well suited to 2-€ mm diameto* periph- 
eral vascular prosthesis, but are suitable for larger dhnen- 
sions up to about 40 mm as wen. Kink resistance is provided 
without the necessity to crimp the vascular graft 

Accordingly, it is an objea of the invention to provide an 
improved woven synthetic vascular graft 

Another object of the invention is to provide a self- 
supporting woven synthetic vascular graft which is ravel- 
resistant, 

40 

A further object of the invention is to provide synthetic 
woven vascular graft which resists Idnking without the need 
to crimp the graft 

A fiirtfaer object of the invention is to provide a woven 
synthetic fabric vascular graft which is suitable for periph* 45 
eral use in small diameters of 6 mm or less. 

Still another object of the invention is to provide a small 
diameter of woven synthetic fabric vascular graft which 
resists kinking and provides a dearable amount of longitu- 
dinal stretch without crimping. 50 

Still a further object of the invoitioa is to provide a 
ravel-resistant woven synthetic fabric vascular graft which 
includes an outer velour sur&oe to promote tissue ingrowth. 

Yet anotho* object of the invention is to provide a self- 
supporting woven synthetic vascular graft having a fine, low 
profile woven surface to promote smooth, thin pseudointima 
formation. 

Yet a further object of the invention is to provide a 
ravel-resistant woven synthetic fabric single- velour vascular ^ 
graft having improved kink resistance without crinqring. 

Another object of the invention is to provide a method of 
jveparing an improved ravel^esistant woven synthetic fab- 
ric vascular graft In accordance with the inventioa 

Still other objects and advantages of the invention will in 65 
part be obvious and will in part be apparent fitom the 
specification. 
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The invention accordingly comprises the several steps and 
the relation of one or more of such steps with respect to each 
of the others, the apparatus embodying features of construc- 
tion, combination and arrangement of parts which are 
ad^ted to effect such steps, and the.product which possesses 
the characteristics, properties, and relation of constituoits 
(components), all as exenq}lified in the detailed disclosure 
hereinafter set forth, and the scope of the invention will be 
indicated in the daims. 

BRIEF DESCRIFnON OF THE DRAWINGS 

For a fuller understanding of the invention, xefiBrenoe is 
had to the following description taken in connection with the 
accompanying drawingCs), in which: 

FIG. 1 is a weaving diagram of a ravel-resistant woven 
synthetic fabric vascular graft prepared in accordance with 
a preferred einbodiment of the invention; 

FIG. 2 is a cross-sectional view in schematic in the warp 
direction a finished graft surface showing the interladng 
ends and of the filling yam of agraft fabric having the weave 
pattern of FIG. 1; 

FIG. 3 is a cross-sectional view of an enhanced filling 
yam of the graft substrate of FIG. 

FIG. 4 is a cross-sectional view of a st£q)le bicomponent 
fiber of the fusible component, of the fillmg yam of FIG. 3; 

FIG. 5 is a perspective view of a tubular ravel-resistant 
woven single-velour vascular graft prepared iii accordance 
with the invention; and 

FIG. 6 is a perfective view of a bifurcated ravel-iesistant 
woven nngle-velour vascular graft prepared in accordance 
with the inventioa 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The woven synthetic vascular grafts prepared in accor- 
dance with the invention are q)plicable to a wide range of 
diameters, including the small 2 to 6 xnm diameter range 
suitable for peripheral use as well as dimensions up to about 
40 mm. Accordingly, the grafts may be woven baviqg inside 
diametera which range from about 2 to about 40 mm are 
resistant to unravelling and are self-suppoirting and resist 
Idnking without betr^ crimped. 

In a preferred embodiment of the invention, the woven 
graft has a diameter of 6 mm or less. In another prefeired 
embodiment the woven graft has a exterior surface with 
loops and a smooth interior surface. The grafts are ravel- 
resistant, and are s elf-supporting and resista nt to kinking 
without crin^nng the falnic surface.~i1)e gratis possess 
ravel^esistance imparted by heat setting warp and/or filling 
yams which indnde fusible bicomponent st^e fibers hav- 
ing a polyester resin core and low melting copolyester or 
polyethylene sheath. During heat setting the fusible resin 
sheath in the yams in the woven fabric bond to each 
interiacing yam in the weave. The fusible yam is conq>osed 
of Celbond Type K54 bicomponent staple fibers finom 
Hoechst Celanese. The st^le fibers are available IW to 3 
inches in length and 2 to 15 demcL The yams utilized are 
compatible biologically. 

The stiffening componCTt in the filling yams may be a 
rmmofilamenL Sdection will vary dqiending on the desired 
diaracteristic of the mbular graft However, the stiffening 
oomponou must be sufficiently stiff to impart dimensional 
stability and radial rigidity to the mbe without crimping. The 
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Stiffening conqxment should have the foUowing miniiinmi 
physical piopoties: 

Tenacity ^ 3 grams per denier Dbmeter >2< 10 mils (53,000 psi) 
Initial Moduhi £ 50 snms/demer (800;000 psi) 
£1^35x10* lb. to.* 

Where EI is the calculated bending sti£5aess, E is the 
modulus of elasticity, I is the moment of inertia 
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The diameter m can vary depending on desired charac- 
teiistics, but will typically be in the range of 2 to 10 mils. 

The grafts possess longitudinal elasticity imparted by heat 
setting when the graft is longitudinally compressed. This is 
compresses the warp yams to impart the stretch without 
having to ciimp the fabric surfeuse. 

Preferably, the majority of the yams utilized in the woven 
graft are polyethylene terephthaiate, sudi as Dacron poly- 
ester available firom du Pont or polyester available from 20 
Teijin, Hoechst-Celanese and Toray Industries. The graft 
substrate is formed by weaving a plurality of warp ends of 
multifilament yams with a combined filling yam of fusible 
yam and stiffcr monofilament yam which have bee n plied or 
wound together prior to weaving. The woven fabric is heat 25 
set to bond the bicomponent fibers to orthogonal warp yams 
to provide longitudinal compliance which maintains integ- 
rity of the graft The bonding of the low melting sheath of 
the bicomponent st^le fibers to the interlacing warp yams 
provide ravel-resistance. Th& plurality of bond sites allows 30 
the tubular graft to be cot at any angle and maii^^ajn 
ravd-resistance. 

The monofilament polyester utilized as a sttffening com- 
ponent in the Example which follows is a 5 mil polyethylene 
terephthaiate yam. The yam has the following physical 35 
properties: 

Diaaieter .OQS(S roils or 0.127 mm) 
TcBicily: 6.2 gnacs per denier (1 10,000 psO 

ImtidModuliisis 112 gnms per denier (l»98Ql000 psi) 40 

/(moment of inertia): ^ 

Oilnitaird Bendxag StiSoca ^Exl 
fl = 3.8x10-* lb. in*, 

43 

The fusible fiber, Cdbond, is composed of a polyest^ 
core and a copolyester or polyethylene sheath. It is the 
sheath of the fiber that provides the adhesion. The sheath 
resins available melt in the 1 1 0^-200'' C. range, whereas the 
core resin melts at about 260° C. The fiber can either be spun 50 
into a yam itself and combined with the monofilament or it 
can be combined directly with the monofilament using the 
core spinning process. This produces a yam with a monofila- 
ment core with the Celbond fibers wrapped about it forming 
a sheath. 55 

The fusible component may be a fiber composed entirely 
of fusible resin, where the entire fiber would melt, not just 
the sheath. It is also possible to use multifilament yams, 
whether they are bicomponent or single component, in place 
of staple yam. The low tempoature melting resin may also 60 
be ^lied directly to the outside of the monofilament 
component of the filling yams through coextrusion or post 
coating processes. This would replace the use of the celbond 
fiber in the Example. 

During the heat siting proo^ v/hea the tubing is being 65 
formed into a mbular vascular graft, the bicomponent cel- 
bond fiber fuses to the orthogonal warp yams. This means 
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that the filling and warp yams are fused together at evety 
interlace. This fusing allows the finished graft to be cut at 
any angle without the yams shifting, separating, or ravelling. 

Stretdi is built into the graft by weaving the fabric with 
25 to 50% fewer picks per inch than in the finished graft 
During the finishing process, the tubmg is compressed 
longitudinally 25 to 50% while on a fonniitg mandrel, and 
heat set Heat setting in this manner causes the waip yams 
to crimp and budde, which builds stretch into them. It is this 
stretch that aUows the finished grafts to be flexible longitu- 
dinally without the need to crimp the surface of the graft. 

The stiffer monofilament component of the filling yam 
can be any compatible yam, such as polyethylene tereph- 
thaiate, polyurethane, polytetrafluoroediylene or silicone. It 
provides mechanical strength, dimensional stability and 
radial rigidity which maintains an open lumen for normal 
blood flow and provides the necessary burst strength. The 
multifilament warp yams provide the necessary texture and 
cover for tissue adhesion and ingrowth on the outer surface 
and assist in controlling porosity of the graft. The velour 
prepared loops are of multifilament warp pile yams on the 
outer surface only. In the preferred single velour construc- 
tion, the external velour surface promotes dssue adhesion 
and ingrowth. The inn«- surface has a fine, low profile which 
promotes smooth, thin neointima formation. 

The particular selection of multifilament warp yams 
together with the stiffer combined fusible staple yam and 
monofilament filling yams provide a graft having improved 
Idnk resistance over a wide range of diameters. Thus, 
smaller bending radii can be achieved without occluding. 

FIG. 1 illustrates the weaving pattern of a woven vascular 
graft substrate 11 prepared in accordance with a preferred 
embodiment of the invention. Substrate 11 is woven finom a 
plurality of warp ends 12 and filling yam 13. FIG. 2 is a 
schematic of substrate 11 in cross-secdon with a smooth 
interior surface 14 and a velour exterior surface 16 having 
loops 17 of multifilament watp yams 19 which stand away 
from the sur^e of the graft 

Referring to FIG. 1, waip ends 12 include groimd warp 
ends of multifilament yam 18. In the illustrated embodiment 
multifilament yam 18 is a one ply fifty denier untexturized 
unshnmk (flat) polyediylcne terephthaiate (Tbijin) yam 
(1/5G/48) (single ply/50 dcmei/48 filaments) with a 5z iwisU 
The loop or pile component 19 of warp yams 12 is a 
multifilament yam which alternates with each end of ground 
warp ends 18. In substrate U, multifilament warp yam 19 is 
a texturized 2/50/48 (2 ply/50 deniei/48 filamament) with 
1.5s twist polyethylene terephthaiate (Ibijin) yam. 

FilliAg yam 13 is a combination of a monofilament yam 
component 21 combined with a fusible staple yam compo- 
nent 22 as shown in detail in the cross-section of FIG. 3. 
Fusible yam 22 whidi is formed fmm bicomponent staple 
fibers 25 having a polyester core 23 with a low melting 
temperanirc sheath of a copolyester resin 24 surrounding 
core 23 as shown in the enlarged cross-sectional view of a 
single fiber 25 in FIG. 4. Fusible yam 22 is 40 cc (EngUsb 
Cotton Count) Celbond TVpc K54. formed from 2 denici/2" 
staple fibers with a twist niultiplicr of 4 (about 25 Uims per 
inch) having a sheath melting point of 110^ C. The compo- 
nents are plied together with or without twisting prior to 
weaving. 

FIG. 5 is a perspective view of a tubular graft 31 prepared 
in accordance with the invention. Graft 31 has a smooth 
inner surface 32 and external raised fabric velour surface 33 
having a multiplicity of outwardly extending loops 34. 
Similariy, FIG. 6 illustrates a bifurcated graft 41 having a 
main body segment 42 and two legs 43 and 44. Legs 43 and 
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44 are joined to maLa body 42 at a mtch 46 which is 
generally rciiifaiced by a row of stitches 47 to maintam as 
tight an initial porosity of die graft as possible. Graft 41 has 
a smooth interior surface 48 ami an external surface 49 
having loops 51. As is evident from the weaving pattern of 
FIG. 1, loops 34 and 51 of grafts 31 and 41, respectively are 
formed from multifilament waip yams. In substrate 11 waip 
yams 19 are texturized unshrunk polyester yams. 

After weaving substrate 11 in the pattern as shown in FIG. 
1, tubular grafts 31 and 41 are cut, then scoured and washed 
in a hot bath which results in about 10 to 30 percent 
shrinkage or idaxation. The tubes are then subjected to a 
first heat setting step by placing on a specific straight size 
mandrel in a longitudinally stretched oondidon and placed in 
a convection oven at nS"" C. for about 20 minutes to give 
the graft a rounded condition and fuse the Celbond yams to 
the yams in contact with it The grafts are thea subjected to 
a second heat setting step on the same size mandrel, l>ut 
compressed longitudinally about 75 to 50 percent This 
second heat setting step in the compressed state builds in 
longitudinal stretch and structural integrity and kink resis- 
tance without the need to crimp the graft wall. The grafts can 
also be heat set in a non>straight condition to create shaped 
grafts, such as an aortic arch, whidi will not have to be bent 
or shaped by the surgeon during implantadoiL 

As shown in FIGS. 5 and 6, mbular woven vascular grafts 
and 41 prepared in accordance with the invention are not 
crimped in order to maintain an open lumen. This is due to 
inclusion of the relatively stiffer monofilament component 
21 in filling yams 13 and toing of Mcomponem yam 25 to 
orthogonal warp yams 12. 

The specifications of the yams utilized and substrate U 
are set forth in the following Example. This Example is 
presented for purposes'of illustration and is not intended in 
a limiting sense. 

EXAMPLE 

Seven sizes of tubular grafts were woven with the fol- 
lowing yams in the pattern of FIG. 1. 

TUBULAR WEAVE OONSTRUCnON: 



Groond weave for lattice structure-plain: 

Flat weave for loop or pile surface: 

Wnp crowfoot (floats oa oniside smftoes. See FIO. 2) 

alleniates on every other end (See FIG. 1) 

YARN CONSTRUCTION : 

Warp Ground - 1/S0I4S (Sz) Tdjin Polyestei; 

Wazp Pile - 2/50/48 (IJs) IbUurized Ucahrunk PoljrestcrTeijin. 

HniDg - 5 mil PET Monofilament wooad together with 

40 cc CelbGad K-54 polyestec. 

Densiiy Dcscripiion 

SLEY: 320 ends per iocfa (40 dents per inch X 8 
ends per dent) 

PICKS: 44 pidcs per inch (88 toed in tobolar Iot^ 
inserted, 46 relaxed (off loom) 
TUBE DESCRIPTION 

GREIGE INSmE DIAMETERS: 43, 53, 63. 73. 83. 
93 & 103 mm 

FINISHED INSIDE DIAMETER: 4. S. 6. 7, 8, 9 & 10 mm 
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25 



35 



40 



45 
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Hie vdour was fonned by weaving every other waip end 
in a crowfoot patteno* which allows the waip yarn whidi 
fonned the loop to float over three pidra and under (me picL 
The remaining adjacent ends form a plain weave. 

After weaving, the single velour graft mateiials of 
Exanqile 1 were cut, scorned at SCr C in water and detergent 



bath* and llioroiigbly rinsed, dried, and then rinsed in a hot 
water bath at about 70° C to remove trace chemicals and 
dried. Hie graft tubes shrank about 10-20 percent in length. 

The tubes were then placed on an appropriately sized 
straight mandrds in a longitudinally streC^ed condition and 
heat at 175** C for 20 minutes in a convection oven to 
give a round shape and fuse the Celbond yams. The tubes 
were then compressed longitudinally about 30 to 40 percent 
of their length and heat set again on the same size mandrel 
at 175® C. for . 20 minutes in a convection oven. Preferably, 
the compression is about 25-50% in length. 

Tbe porosity of the grafts were estimated to be about 1000 
ml/miD/cm^. 

Tbe longitudinal compliance of a tubular vascular graft is 
arelative measurement of the alnlity of the graft to elongate 
at a given force and is expressed as the percent elongation 
per kilogram force. The grafts prepared in the Exanqile were 
stretched about 30% in length from 0 to 1 when tension was 
increased Kg. This allows the graft to bend easily without 
kinking. The fusible component did not adversely affect the 
feel or flexibility coiqiaied to conventional woven grafts. 

After fusing in the heat setting stqts, the yams could not 
be unravelled from the tubing ends, even after cutting the 
graft ends at angles. 

The characteristics and properties of die grafts woven in 
accordance with the invention can be varied as desired by 
selection and combination of the starting waip and filling 
yams and the weaving pattern. In the illustrated exanq^les, 
the warp ground yams are multifilament untexturized 
unshrunk (or flat) polyester yam, but could be preshiunk or 
unshrunk in untexturized form or a combination of yams 
alternating in desired patterns. The preferred waip yam 
forming the pile is a mnltifilament texturized polyester, but 
could also be preshrunk or unshrunk in texturized or untex- 
turized form. Tlie sole limiting feature is that there be 
sufficient multifilament yams considoing the desired end 
results. The filling yam is a composite fusible bicomponent 
yam combined with a numofilament polyethylene tereph- 

frha1a»tft yam. 

It win thus be seen that the otijects set forth above among 
those made apparent ficom flie preceding description, are 
efficiently attained and, since certain changes may be made 
in tbe above article without departing from the spirit and 
scope of the invention, it is intended that all matter contained 
in the above description and shown in the accompanying 
drawings shall be interpreted as illustrative and not in a 
limiting sense. 

It is also to be understood that the following claims are 
intended to cover ail of the generic ami specific features of 
the invention herein described and all statements of the 
scope of the invention wMcfa, as amatterof language^ might 
be said to fall therebetween. 

What is daimed is: 

L A cavel-iesistant and self-supporting tubular synthetic 
fabric vascular graft resistant to kinking, oonqnising: 
a plurality of warp yams woven with at least one filling 

yarn to form a weave; 
the filling yam including a stiffiming component in die 
weave whidi is heat set in a rounded condition to 
rrada the tubular graft sdf supportiAg: and 
the weave induding a low mdiing tenqieratare fusible 
oonqxment having a melting temperature lower than 
the other yams to bond to adjacent yams when heat set 
2. Tlie woven vascular gxaft of daim 1, further induding 
a low mdting ten^eraxure fusible con^Kuient in the filling 
yaia 
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3. The woven vascular graft of daim 1, wherein die low 
melting fusible conqxment is a bioomponezit fiber having a 
high melting temperature core and a low melting tempera- 
ture polymer sheath. 

4. 'nie woven vascular grait of daim 1, wherem the waxp s 
yams include multifilament textile yams. 

5. The woven vascular graft of claim 4, wherein the 
multifilament yams are polyethylene tetephthalate. 

6. The woven vascular graft of daim 5» wherein the 
multifilament polyethylene terephthalate waip yams are lo 
unshrunk untextuiized yarns. 

7. The woven vascular graft of daim 1, wherein the 
stifiening component is a monofilament yam of polyethyl- 
ene terephthalate. 

8. The woven vascular graft of claim 1, wherein the is 
monofilament yam is a 5 mil yam. 

9. The wovoi vascular graft of daim 8, wherein the 
vascular graft is a tube with a single outside velour surface 
and a smooth interior surface, the vdour surface formed 
from warp pile yams of texturized .multifilament yam. 20 

10. Hie woven vascular graft of daim 1, wherein the graft 
has at least one velour surface of a plurality of warp pile 
yams of multifilament yams. 

IL The woven vascular graft of claim 10,. wherein the 
warp pile yams alternate between each said warp yam. 2S 

12. The woven vascular graft of daim 10, wherein the 
multiiilamBnt warp pile yams are polyethyloie terephtha- 
late. 

13. The woveii vascdar graft of claim 12, wherein the 
warp pile yam is texturized polyethylene terephthalate. 30 
• 14. The woven vascular graft of daim 10, wherein the 
vascular graft is a tube with a single outside vdour surface 
and a smooth interior surface, the vdour surface fbnned 
firom warp pile yams of preshrunk texturized multifilament 
yam. 35 

15. The woven vascdar graft of daim 1, wherein the graft 
has been heat set to bond the fusible components to ac^acent 
yams. 

16. The woven vascular graft of claim 1, wherdn said 
weave is set in a longitudinally-compressed state to provide 40 
said graft with longitudinal compliance and kink resistance. 

17. The woven vascular graft of claim 1, wherein said 
stiffening component is present in each pick of the weave. 



18. The woven vascular graft of daim 1, wherein said 
weave further comprises a plurality of pile yams for pro- 
viding a velour surface on at least one side of said weave. 

19. A self-supporting singular vdour woven synthetic 
fabric vascular graft, comprising: 

a plurality of warp ground yams and a plurality of warp 
pile yams woven together with at least one filling yam 
to form a weave; 

the filling yam including a stiffening component in the 
weave which is heat set in a rounded condition to 
render the graft self-supporting; and 

the weave including a low melting temperature fusible 
component which mdcs at a lower temperature than the 
other yam to bond to adjacent yam when heat set. 

20. The woven vascular graft of claim 19, wherein the 
filling yam indudes a yam of low melting fusible fibers 
wound together with the stiffening component 

21. The woven vascular graft of claim 19, wherein the low 
melting temperature fusible component is a yam of bicom- 
ponent fiben having a core surrounded by a low mdting 
temperature polymer sheath wound together with a 
monofilament yam. 

22. The woven vascular graft of daim 19, wherein the 
warp pile yams alternate with the warp ground yams. 

23. The woven vascular graft of claim 22, wherein the 
vascular graft is a tube with a single outside velour surface 
and a smooth interior surface, the vdour sur&ce formed 
from waip pile yam of texturized multifilament yam. 

24. The woven vascular graft of daim 22, wherein the 
waip ground yam includes imshrunk untextnrized yam. 

25. The woven vascular graft of daim 19, wherein the 
graft has been heated suffidently to bond the fusible com- 
ponent to adjacent yams. 

26. The self-supporting single velour woven syitthetic 
vascular graft of claim 19, wherein said weave is set in a 
longitudinaUy-compiessed state to provide said graft with 
longitudina] complianoe and kink resistance. 

27. The self-supporting single velour woven synthetic 
vascular graft of claim 19, wherein said stiffening compo- 
nent is present in each pidc of the weave. 
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"grafts described above," should be -grafts described 
above.-; 


At Col. 2. line 67. 


"an open lumen," should be -an open lumen.—; 


At Col. 4. line 24. 


"an enhanced filling" should be -an enlai^ filling-; 


At Col. 5. line 12. 


"The diameter m" should be -The diameter-; 


At Col. 5. line 63. 


"the celbond" should be -the Celbond-; 


At Col. 5. lines 6^-67 


"the bicomponent celbond" should be -the bicomponent 
Celbond~; 


At Col. 7. lines 26.27. 


"grafis and 41 " should be -grafts 3 1 and 41 -; 


At Col. 7. line ;?2, 


"Density Description" should be - DENSITY 
DESCRIPTION:-; and 
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ABSTRACT OF THE DISCLOSURE 

An open -mesh non - absorbent cylindrical tube is 
wrapped with two sccUons of polypropylene monofila- 
ment to form a right-hand hdix and a left-hand helix 
along the surface of the tube. This composite stmcture is 
heated to the fusion temperature of polypropylene cau^ 
ing the polypropylene monofflaments to fuse into and 

partially penetrate the exterior surface of the tube and 

causing the monofilaments to fuse together at the points so HGURE 3: 



the exterior surface of the tube. Preferably, the external 
surface of the tube is wrapped with two sections of thei^ 
moplastic monofilament, the first section f onning a right- 
hand helix along the surface of the tube and the second 
section formmg a left-hand helix and intersecting the first 
section at frequent intervals. 

The invention will appear more dearly from the fol- 
lowing detailed description when taken in connection witbi 
the accompanying drawings, showing by way of example^ 
10 a preferred embodiment of the inventive idea. Referring 
now to the drawings, 

FIGURE 1 is a side elevationa] view of -a reinforced; 
fabric tube; = . 

FIGURE 2 is a side elevational view of the rein- 
forced fabric tube of FIGURE 1 following heat treat- 
ment; 

FIGURE 3 b. a side devationai yiew, partly in sec? 
tion, of a reinforced tube, coated with collagen; , r 
FIGURE 4 is. an end view of tihe.tube illustrated in 



of intereection. The tiAes so obtained are resistant to coK 
lapse and kinking and may be coated with a dispersion 
of collagen fibrils to reduce permeability. The product so 
obtahied has utflity as an esophageal graft 



FIGURE 5 is an enlarged sectioxial. view taken on 
thelineS— 5of FIGUREl; . 

FIGURE 6 is an enlarged sectional view taken on 
the line 6—6 of FIGURE 2; . ' , . 

25 FIGURE 7 is an enlarged sectional view, taken on 
the line 7-7 of FIGURE 3; and 

FIGURE 8 is an enlarged sectional view of a rein- 
forced fabric tube that has been coated with collajgen. 

The non-absorbable fabric, cither Dacron or Teflon, 
may be knitted, crochete4 woven, or braided in the 
shape of a tube, Y-tube, etc Optionally, a fabric tuUe 
<^ Dacron or Teflon may be rolled or cut and sewied wi^ 
suitable thread to form the desired shape. The tube is 
then wrapped with a low mdting, theniipplastic naiono- 
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The present invention relates to reinforced-fabric, tubu- 
lar prostheses adapted to be placed permanently in the 
human body and to a method of making the same. 
More particularly, this invention rdates to tubular pros- 
theses that are remforoed with a fused monofilament 
having utility in the surgical repair of body ducts, such 
as, the ureter, the bile duct, the esophagus, and the Wood 

^^Pn^lems have occurred in the use of tubular pros- 35 filament asshown in the drawings, 
theses to repair vessels and ducts of smaU diameter, most Refeniog now to FIGURE 1, there is shown a knittwl 
uarticularly if there is insufficient pressure within the fabric tobe o f Dacron generally indicated at 10. around 
v^sel to maintain an open lumen. A primary problem which is wrapped a first helix of polypropylene monor 
of esophageal reconstrucdon is stricture at the anastomo- filament IL A . second section of polypropylene t2 is 
sis lincaftcr healing. Attempts have been made to avoid 40 wrapped around the fabnc tobe on top of the monofila- 
the coUapse or kinking of sudi fabric tobes by crimping. ment 11 to form a second helix, the pitch <rf which is 
While a crimped tube is more flexible than an nncrimped greater than and opposite to that of the first helix*, 
tube and wiU resist kinking and collapse, these advantages After the heUcal winding of polypropylene has been 
are reduced or elimmated during the healing process as applied to the fabric tube, the entire assembly is heated 
the ingrowth of tissue immobilized the crimp and dc- ^ in an oven to about 208' C. and maintained at this tern- 
creases the flexibility of the prostheses. Moreover, the ir- peratore for about 1 hour. Under these conditions,, 
reEularities of the internal surfaces of the tube produce polypropylene strands 11 and 12 fuse together, at their 
turbulence and increased resistance to fluid flow. points of mtersection 13. as best indicated in FIGURE 2. 

The present invention has for its prindpal object the The fused polypropylene also penettates to some extent 

provision of flexible tubes constructed of fabric and re- 50 into the interstices of the fabric 10. cooled to room 
inforced with a polypropylene monofilament that has 



55 



been fused to united the monofilament and the fabric. 

A further object of the invention is tlie provision of 
fabric tubes that are not subject to kinking or collapsing 
in any desired diameter or length suitable for use with 
human body ducts, arteries, or veins. 

It has now been discovered that an improved pros- 
thesis can be constructed usiog as a framework or sup- 
port a synthetic fiber having a high melting point, sudi 
as Dacron, a fiber made from ter^hthalic add and ^ 
ethylene glycol, or Teflon, a tetrafluorocthylene polymer, 
both of which are manufactured by E. L du Pont de Ne- 
mours and Company. Dacron or Teflon may be knitted 
or woven to form a tube having a wide mesh thus per- 
mitting easy invasion by the host tissoe into the inter- 
stices between the non-absorbable fibers. The tobe may 
be made more resistant to collapse and kinking by fusing 
to the surface of the tube a section of polypropylene 
monofilament The polypropylene monofilament is 
wrapped around the tobe and heated to its fasion tem- 
perature causing it to fuse into and partially penetrate 
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temperatore, the fabric tobe is surrounded by a rigid, in- 
tegral grid of polypropylene ^t b united with and sop- 
ports the fabric tobe. 

The effect of heating the polypropylene monofilament 
is best illustrated in FIGURES 5 and 6, which show the 
appearance of a tobe wrapped with polypropylene before 
and after the heat treatment The extent to which the 
filament has fused and has penetrated the fabric of the 
tube is particularly evident in FIGURE 6. 

FIGURE 7 illustrates a section of a rdnforced, fabric 
tobe that has been coated on the exterior surface with a 
layer 14 of collagen or gelatin to render the fabric pros- 
thesis blood tight Its use as an esophageal graft requires 
the protein layer to render it impermeable to bacteria, 
fluids, eto. 

FIGURE 8 b a similar view of a prosthesis that has 
been dipped to apply a coating 14 to the exterior surface 
of a fabric tube and a coating 15 to the interior surface 
thereof. 

The present invention is more fully described and ex- 
plained in the following examples. It b to be understood, 
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bbwever, that our invehtioo is not to be limited to any 
SDCCjfir"fonn'oPnuiteriaas~'or conditions' set 'fdlrth' in~fEc*^ 
examples, but is limited solely by the description in this 
specification and the appended claims. Throughout the 
specification and the ejdunplcs which follow, all quantities 
are expressed in parts by weight 

EXAMPLE I 

A venous .graft is constructed of km'tted Dacroa with 
an internal diameter of 5 millimeters. This tube is placed 
on a Teflon-covered mandrel and is wrapped with a dou* 
ble helix of size 2-0, clear, monofilament polypropylene. 
The pitch of the helix is. not oitica] but preferably will 
approxinnate the diameter of the tube. The Dacron tube 
with its cleaT) monofilament, polypropylene, helical over- 
wrap is heated at 208* C for 1 hour. After cooling at 
room temperature for hour, the graft is removed from 
the. mandrel 

EXAMPLE II 

An esophageal graft is prepared from a knitted Dacron 20 
tube. The Dacron tube is placed on a Tefion-covered man- 
drel and wound with a double helix of 2-0, clear, mono- 
filament polypropylene; the pitch of the helices approxi- 
mating, the diameter of the tube. The Dacron mbe is then 
heated at 208^ C. for 1 hour to -fuse this polypropylene 25 
overwrap. The tube is then cooled to room temperature, 
and the mandrel is removed. 

The reinforced Dacron tube is next immersed in an 
acidic, aqueous disperson of collagen fibrils prepared as 
described in Example I of U.S. Patent No. 3,272,204, and 30 
a vacuum is applied to the vessel containing the tube 
and collagen disperson to remove air bubbles trapped in 
the interstices of the fabric. 

' The coated fabric tube is removed from the collagen 
dispersion, and the collagen fibrils are neutralized with a 85 
dilute solution of ammonium hydroxide and air dried at 
room temperature for 24-48 hours; The dried collagen 
coatmg is tanned by immersing the coated fabric tube 
in an aqueous solution containing 0.05 percent by weight 
formaldehyde' for two and one-half hours. The tube^jis 
then removed from the taniiing bath and dried at room 
temperature for 24 to 48 hours. 

EXAMPLE m 

' A tubular, arterial graft is constructed of knitted Teflon. 
The porosity of the knitted fabric is such that 10,000 mis. 
of water per minute will pass through 1 square cehdmeter 
of the fabric under a pressure of 120 millimeters of mer- 
ciuy. The Teflon tube is placed on a mandrel and wound 
with a double helix of 2-0, poilypropylene monofilament 
The Teflon tube is then heated at 208* C. to fuse the poly- 



ethylene overwmp. The tube is cooled to room tcmpera- 
"TTrre,'*and"fhe maadKQ'is ' ^" '' ' 

The exterior surface of the reinforced Teflon tube is 
next coated with an acidic aqueous disjiersian of collagen 
fibrils prepared as described in Example I of U.S. Patent 
No. 3,272,204; and the collagen coating is neutralized, 
tanned, and dried as described above. 

EXAMPLE IV 

An esophageal graft is prepared as described in Exam- 
ple n above by substitating Tefl<m for Dacron in con- 
structing the knitted tube. 

While the invention has been described in detail accord- 
ing to the preferred method of carrying oat the process 
and yieldmg the products, it will be obvious to those 
skilled in the art, after understanding the invention, that 
changes and modifications may be made (without de- 
parting from the spirit or scope of the invention), and 
it is intended in the appended claims to cover such changes 
and modifications. . 
< What is claimed is: 
' 1. A surgical prosthesis comprising: 
• an open mesh, non-absorbable, cyHndrical tube manu- 
factured of a non-absorbable material selected from 
the group consisting of tetrafluoroethylene polymer 
and polyethylene terephthalate; and 
a helical wrapping of polypropylene monofilament 
around the external wall of the tube, said thermo- 
plastic monofilament, being fused and united to the 
. external, surface of the tube. 
.2. The surgical prosthesis of claim 1, wherein the in- 
terstices of the fabric are filled with a body-absorbable 
substance consisting of collagen fibrils, whereby the pros- 
thesis is rendered blood tight 

3. The surgical prosthesis of claim 1, wherein the non- 
absorbable material .is polyethylene terephthalate. 

4. The surgical prosthesis of claim 1, wherein the non- 
absorable material is tetrafluoroethylene polymer. 
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[57] ABSTRACT 

A textile suigical implant includes a base cbth, and an array 
of fibeis provided on the base doth. The base cloth is 
removable from the fibeis before or after the location of the 
implant in a patient. A method of making a textile suigical 
implant is further disclosed. The method includes the step of 
placing an array of fibers on a base cloth by embroidery. The 
base cloth is removable from the fibeis before or after the 
implant is implanted. 

25 Clahnsy 3 Drawing Sheets 
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TEXTILE SURGICAL IMPLANTS embroidery retain their structural integrity and hold together 

after the base cloth has been dissolved away. The dissolution 

BACKGROUND OF THE INVENTION can be by aqueous medium if a water soluble base fabric is 

This invention relates to a texUle surgical implant. ^ Jf * base fabric made from polyvinyl acetate, or 
_ ^ . , . t ^5 algmate. Alternatively a solvent such as acetone may be used 

The manufacture of textile surgical implants often ^^^^j^ ^ ^^^^ ^^^^^ ^^^^^ 

requires the manufacture of a low number of Ucdqs. Modem ^ ^^^^^^ can be used which may be removed for example 

textile manufacturmg methods, however, axe usuaUy only with acid, alkali, or oiganic solvent or widi water, or by heat 

cost effective if large numbers are produced. An advantage ^^^^ method. 

of high volume automatic manufacturing methods is that the ^ . ,* . r.i_ • l * * • i u 

articles manufactured are almost exactly alike. Such simi- '° '° one embodiment of the mi«;nUoi, a sheet matend. «ich 

larity is required by the needs of modem scientific surgery. «s polyglycohc acid, used which degrades or is «bso>b«l 

in order that aU patients shall be treated alike aiKl that there "^P"^**?""; '"^T^^- "TJT^ T 

is no untow«d variation from implant to implant embrorfered structure withm the body. He miplant or the 

, . . , ... u ij I. base fabnc can be impregnated with one or more growth 

It IS, therefore, desirabk that l^tileimpUnts should be j angiogenic or neurogenic materials that my 

able to be made cost elfcrtively in smaU numbers on production of blood vessels, nerves, or other 

machinery that is mechanicaUy or electtom«Uy conlrolled „j ^ 3^^^^ ^ 
in such a way that each item produced to the same design 

will be virtually identical. BRIEF DESCRIFITON OF THE DRAWINGS 

. It is also desirable that the design method used shall be 20 ^ , . ^ 

simple and quick to carry out, in order to minimise design Specific embodiments of the mvention will now be 

costs. Low design costs also facilitate the cost-effective described with reference to the accompanying drawmgs m 

production of implants made to individual measurements, which: 

which may be desirable for unusual medical conditions or FIG. 1 is a plan view of a mesh structure; 

for use in patients where it is necessary to produce an 25 FIG. 2 is a . plan view of another mesh structure suitable 

implant of an exact size to fit that person. for repair of a tendon or ligament; 

Ideally a textile implant will have the textile fibres placed FIG. 3 illustrates a tubular stent suitable for insertion into 

in a position and direction which accord with the design hollow viscera; and 

requirements in order that they may carry out their fiinction 4 ^^^^^ ^ ^^^^al which can be used, inter alia, for 

correctly, whether it be load-bearing or otherwise. 30 ^ 

Hie present invention is intended to deal with the above- 
mentioned problems. DETAILED DESCRIPTION OF THE 



SUMMARY OF THE INVENTION 



PREFERRED EMBODIMENTS 



... 35 Referring first to FIG. 1 a mesh structure comprises 
Accordmg to the present mvention there is provided a . ^^-^^ ^ j^jj substantiaUy at right angles 
textUe surgical implant comprising an array of fibres to each other. The interlocking may be achieved by a number 
wherein the fibres formmg the implant are placed m posiUon interlocking methods well known to those skiUed in the 
m the implant by embroidery. 3^. Generally the interlocking is effected when the first laid 
The term implant as used herein is not confined solely to ^ <jown layer is crossed by the second laid part, when threads 
implants that are intended to be surgicaUy or otherwise from the underthread and needle thread pass under and over 
implanted in the body, but also includes stents and the like ^ arc interlocked by lockthread stitch- 
such as are implanted in the oesophagus. ^ ^saaUy used for the embroidery. Different ways of 
Embroidery is normally defined as work with a needle and intertodc will give different load extension characteristics to 
thread upon doth. In conventional embroidery the fibres are 45 the implant for different applications or different patients, 
placed with a needle according to the requirements of the such a mesh can be used to act as a reinforcing patch 
aesthetic design selected. In the manufacture of a textile within the body For example a patient may suffer from an 
surgical implant, the fibres can be placed according to the incisional hernia where some of the internal tissues of the 
functional requirements of the design, for example so that gut may protrude through the walls of the abdomen and the 
one, or more yarns in the structure may eflBdently carry a 50 internal tissues arc only held within the body by a thin layer 
load in an artificial ligament. the body wall. The edges of the hernia may have weak- 
Many modem embroidery machines comprise a sewing ened as a rcsult of the hernia or from some other cause, 
head above an X-Y plotter. The plotter can be moved with which makes repair using conventional sutures difficult. The 
great precision below the needle head (or vice-versa) so that provision of a patch will assist the surgeon to obtain a good 
the sewing bead moves relative to the base cloth as required. 55 repair by enabhng him to stitch the tissue at a site remote 
The movements are controlled by punched card, or from the weak edges. The patch can also provide a scaffold 
preferably, electronic computer control. An alternative on which a new tissue may grow. The requirements of any 
arrangement is for the sewing bead to move, whilst the base patch include that it shall have a high bursting strength, that 
cloth remains stationary. it shall be easy to cut to size appropriate to the condition of 
The definition of embroidery implies that the embroidery 60 the patient without fraying or unroving from the cut edges, 
stitches must be made upon a base cloth. However, accord- Many woven structures have good properties with regard to 
ing to one embodiment of the present invention there is bursting strength, but will fray readily from a cut edge. The 
provided a base cloth that is soluble, so that after the implant use of a hot knife to cut thermoplastic fibres to prcveai them 
is formed upon the base doth, the doth can be dissolved firom fraying is undesirable because of the inconvenience of 
away and only the embroidered stitched structure remains. 65 carrying out this is operating tbeafirc conditions and the 
Using design rules known to those skiUed in the ait, embroi- sharp edges (and possibly toxic degradation products) that 
dmd structures can be made so that placed fibres of the thermal cutting often leaves. 
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Tbe provision of a thermoplastic mooofilameDt patch . a strip of fabric about an axis such that each tuni other than 

where ioteiseding fibres in a mesh are thermally bonded is ih« first slightly overlaps the preceding turn, thus forming a 

known, but any cut edges of the mono61ament comprising tube with a substantially continuous wall surface. In use the 

tbe patch may be undesirably sharp and thermal bonding dtameter is reduced by tighte ning the turns and then 

restricts the choice of fibres to those which arc thermoplas- s positioned in its desired location, for example in a boUow 

tic. The use of adhesives to bond the intersections of toe ^^^^^^^^^ j^^^ j,jg^ of the stent in the axial direction 

mesh IS mconvement and n»ay miroduce a biplo^caUy „^ a easy to insert in position. Once in position the stent 

mcompatible componem to the miplant Acojrdmg to the jj^Ji^^to expand within the hollow viscus. pushing aside 

pttsem mvention any miplantable fibre may be used, since ^ ^^^^ obstractioo. yet it retains flexibility in the 

the mtersections of the mesh are stitched and are resisunt to ^ lengd, direction, 
fraying when the mesh is out 

Ibe invention provides a patdi for the repair of tendon or In a particularly preferred embodiment, the fibres are 

ligament Fot example the rotator cuff of the shoulder is arranged as shown in FIG. 4, t he longitudinal fibres 10 are 

diflcult to repair without the use of textile reinforcement monofilament p ol yester of hi gh stiffn ess and the latera l 

Frequently a multiplicity of suture threads is used, but is ttbres i£ arroflbwer stiffness mooofiiiament polycte r. If 

sometimes this method of reinfiorcement is insufiBcent and a this material is coiled into a stent of the kind shown in FIG, 

reinforcing textQe fabric is required. The use of a hood as 3jad heat-set into shape, tbe stent, when tightly coiled for 

described in PCT International Patent y^phi. No. WO msertion into the oesophagus of the patient, remains flexible 

91/03993 is one example. This provides a woven or knitted in the longitudinal axis and may be more easily inserted, 

flexible fabric. The openness of the mesh is chosen so as to 20 u may be seen from the foregoing description and 

allow tissue ingrowth without being so open that the struc- examples that tbe invention has a wide number of 

tural integrity is lost Hie present mvention mcludes the »ppKcations, not confined to those described herein, 

provision of an embroidered mesh, with areas of extra . 

strength to carry localised heavier loads. One embodiment What is clauned is: ...... 

of this aspect of the invention is shown in FIG. 2. The mesh jj ^ tertle surgical unplant comprising a bioabsoibable 

is ideally provided so that the holes are spaced approxi- ^ ''^^ " «*roidered mesh strudure disposed 

mately 2 mm apart and are approximately 1 mm square. The «hereon said base cloth bemg absorbed after the locakon of 

strength of the mesh is such that it must carry a minimum the implant in a paUent ^ ^ 

load of approximately body weight The use of embroidery , 2. An implant as claimed m clami 1, wherem tbe base 

to form the mesh 1, has the advantage that tbe mesh can be 30 ^''''i" ....... 

locally reinforced using a different type of thread or higher . 3- An in^lanl as claimed m claun 1 wherein the base 

concentration or density of treads or using a multiplicity of c'""" '^^^^ fi^"" m^tenals which wiU degrade after the 

the same thread as iUustrated by the bold lines referenced 2. unplant is implanted in a patient. 

In a preferred embodiment the main mesh 1 is made using An miplant as clauned m claun 1, wherem the embroi- 

a braided polyester fibre 0.35 mm in diameter and the 35 dered mesh structure is reinforced m at teast a part thereof, 

reinforcement 2 is a polyester braid of 1.5 mm diameter. An implant as claimed m claim 1, wherem said implant 

The invention also provides an implant to fomi a sheet is of subsUnUaUy Inangular shape, 

material having a different stiffness in one axis to the \^ ^'f?'*'' "^l""" }• ^'^^toM 

stiffness in the SIher axis. An implant of this kind, known as mesh structure havmg fibres arranged to give greater stiff- 

a stent, an example of which is diseased in UK Patent 40 °^ f^'=''°° T ' °" «^ 

Appto. No. CB 2270264 is in the form of a tube that can be 7. An miplant asclaimedmclam, 6.compnsmg first fibres 

c^nipressed for insertion into the human or animal body to greater stiffness extending in one direcUon, and second 

relieve blocking of the oesophagus or other hoBow vis^a fibres of a lesser stalfcess exlendmg m a second direction, 

by mmouis or other disorders!lf tbe coiled stent is made and second directions of the fibres bemg substan- 

from stiffanisolropicshcd material and wouM up tighUy to 45 '•'t'y*'?^''"^^^ ^ .u • 

reduce its diamiter in order to insert it ^tMn the , »; ^n >niplant as daimed m claim 7, wherem the tube is 

oesophagus, the tube becomes so rigid that the stent re »in its shape. 

becomes difficult to insert in some patients, for example , ^n « f « '»!'^ 

elderly patients with stiff necks or pmtuberant teeth. RG 3 Jf^? a radial stiffness greater than the stiffness m the axial 

shows a self expanding solid walled hibe similar to a coil so "f^ ?"* . , , . . . , • „ . • .1. ^ u • 
..K -n,. i„„.»u„ „„»..M >:..k>i.. f«™ . W. An implant as claimed m claim 9, wherem the tube is 

sprmg tube. The tube can be would tightly to form a low , '^....^u \i- ^ ^- ^ 

dBameter tube, or stent, which may be inserted into boUow «»™«! ^ » '^^^ "» duections. 

viscera within the body and then aUowed to expand, pushing strip bemg wund about an axis. 

aside any blockage of the hollow vianis that may have beeS . A" ™Pl«n' cto^^d m daim 10, wherem the ^p 

caused by a tumour or other disorder. One example of an ss '^r'"?** V of turns and ewh mni of the stnp. 

application is to patients in whom the oesophagus may have ^ '"^^^s the precedmg turn. 

become blocked by a malignant tumour, maldng swaUowing ^ ^ ""Pljnt as clamied m claim 1 and oompnsmg one 

^l^^l^ / o ' o ° or more growth factors, angiogenic and neurogenic maten- 

In the embodiment of FIG. 3 the material forming the \ ^ ^ ^ ^ 

Stent IS made by laying stifif fibres ID ooe axis directiOD of the 60 the ste of «»- r 

stent onto a base embroidery material and the other direction P'^u^S ^ P 

with less stifif or no fibres. This results in an isotropic embroidering a mesh structure on a bioabsoibable base 
material that when wound tightly about an axis parallel to doth, said base cloth being absorbed after the implant 

the said other direction into a low diameter tube for insertion is implanted in a patient. 

within the hollow viscus is much less stiff in the length axis, 65 14. A method as claimed in claim 13, wherein the base 
yet retains its ^ringiness in the radial directioD. In the cloth is soluble and is removed by dissolving the base cloth 
embodiment shown in FIG. 3 the stent is fianned by winding in a solvent. 
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15. A method as claimed io claim 13, wherein the base 
cloth is removed by degradation after the implant has been 
implanted in a patient. 

16. A method as claimed in claim 13 and comprising 
reinforcing the mesh structure in at least a part thereof. 

17. A method as claimed in claim 16, wherein said me^ 
structure includes fibres arranged to give greater stiffiaess in 
one direction of the me^ structure than in another direction 
thereof. 

18. A method as claimed in claim 17, wherein fibres 
giving grater stiffness are placed at substantially right angles 
to fibres giving differential stiGbess. 

19. A method as claimed in claim 17, wherein the mesh 
structures is formed as a tube having a radial stififoess greater 
than the stiffness in the axial direction. 

20. A method as claimed in claim 19, wherein the tube is 
formed firom a strip having fibres arranged in two directions 
by winding the strip about an axis. 

21. A method as claimed in claim 20, wherein the strip is 
wound in a plurality of turns, each turn of the strip, other 
than the first, overlapping the preceding turn. 

22. A method as claimed in claim 19 wherein the tube is 
heat set to retain its shape. 



10 



15 



20 



23. A method of making a textile surgical implant com- 
prising the step of: 

placing an . array of fibcis arranged as a mesh on a 
bioabsorbable base cloth by embroidery, said base cloth 
being absorbed after the implant is implanted; 

wherein said fibers arc arranged in the mesh to give 
greater stifbess in one direction of the mesh than in 
another direction thereof. 

24. A textile surgical implant comprising a base cloth and 
a mesh structure of fibers provided on said base cloth by 
embroidery, said base cloth being made fi-om a biocompat- 
ible material which is absorbed after the implant is 
implanted. 

25. A method of making a textile surgical implant com- 
prising the step of: 

placing a mesh structure of fibers on a base cloth by 
embroidery, said base cloth being made from a bio- 
compatible material which is absorbed after the implant 
is implanted. 
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ABSTRACT 



Avascular graft for a primary vessel ad^ted to bridge a side 
branch. The graft is especially useful for providing a support 
tube for a primary graft in the primary vessel on one side of 
the side branch. The graft includes first and second tubular 
sections separated by a gap. Abridging member connects the 
first and second tubular sections across the gap and may 
include a relatively rigid strut to prohibit relative axial 
movement of the two sections. There may be one, two or 
more bridging members to define one, two or more apertures 
through which blood can flow fi'om within the graft through 
to the vessel side branch. The graft may include a flexible, 
desirably fabric, body supported by a wireform stent that is 
either self- or balloon-expandable. The graft may be 
deployed within the abdominal aorta on both sides of the 
renal arteries and have two apertures for blood to flow from 
the aorta to the renals. The infra-renal section provides a 
uniform tubular anchoring surface for a trunk portion of a 
bifurcated graft used to repair an abdominal aneurysm 
extending to the iliac arteries. 

22 Claims, 4 Drawing She^ 
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VASCULAR GRAFTS FOR BRIDGING A 
VESSEL SIDE BRANCH 

FIELD OF THE INVENTION 

The present invention relates to prosthetic vascular grafts 
and, more particularly, to a vascular graft for a primary 
vessel adapted to bridge a side branch, especially for pro- 
viding a support tube for a primary graft located in the 
primary vessel on one side of the side branch. 

BACKGROUND OF THE INVENTION 

An aneurysm is a ballooning of the wall of an artery 
resulting from weakening due to disease or other condition. 
Left untreated, the aneurysm may rupture, resulting in 
severe loss of blood and potentially death. An aneurysm in 
the abdominal aorta is the most oonunon form of arterial 
aneurysm. The abdominal aorta connects the ascending 
aorta at the heart to the circulatory system of the trunk and 
lower body. The abdominal aorta extends downward from 
the heart in front of and parallel to the spine, through the 
thorax and abdomen, and branches off in a plurality of side 
vessels. Among other branching vessels, the abdominal aorta 
supplies the two kidneys via oppositely-directed renal arter- 
ies. Below the renal arteries, the abdominal aorta continues 
to about the level of the fourth lumbar vertebrae and divides 
at a Y-junction into the left and right iliac arteries, which 
supply blood to the lower extremities. 

A common location for an aortic aneurysm is in the 
section of aorta between the renal and iliac arteries. Without 
rapid surgical intervention, a rupture of the abdominal aorta 
is commonly fatal because of the high volume of blood flow 
within the aorta. Conventional surgical intervention involves 
penetrating the abdominal wall to the location of the aneu- 
rysm to reinforce or replace the diseased section of the aorta. 
Typically, a prosthetic tube graft replaces the area of, or 
proximal and distal zones abutting, a potential rupture 
portion of the aorta. Unfortunately, conventional surgical 
intervention has resulted in substantial morbidity rates, and 
at the very least a protracted recovery period. Likewise, cost 
and other constraints militate for a longstanding need for 
endovascular intervention. 

In recent years, methods and devices have been developed 
to treat an aortic aneurysm without openiqg up the abdomi- 
nal wall. These new techniques typically involve a catheter- 
carried tubular graft delivered upward from the femoral 
artery through the iliac artery and into the region of the 
aneurysm. The graft normally includes a tubular graft body 
supported by an expandable stent, either self-expanding or 
balloon-expanding. The balloon-expanding type of stent 
naturally requires an expansion bsdloon, while the self- 
expanding type is simply deployed from the end of a tubular 
sheath. Implacement issues impact upon both known tech- 
niques. 

If the aneurysm affects the Y-junction between the 
abdominal aorta and the iliac arteries, a bifurcated graft is 
typically used. A trunk portion of the bifurcated graft is 
secured to a healthy section of the abdominal aorta just 
below the renal arteries, and branched legs of the graft are 
secured within each of the iliac arteries, sometimes via a 
tubular extension graft. This procedure does not involve 
cardiopulmonary bypass, and thus blood continues to flow 
downward through the abdominal aorta. Certain complica- 
tions arise in anchoring the graft to the inner wall of the 
vessel, because of the high blood flow both during the 
procedure and afterward. Indeed, the risk of grafils migrating 
within a vessel is a problem in many locatians, not just in the 
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abdominal aorta. In addition, the abdominal aorta may be 
aneurysmic very close to the renal arteries, which results in 
a fairly poor substrate within which to secure a repair graft. 
In fact, surgeons require various minimum lengths of 

5 healthy aortic wall below the renal arteries before an endo- 
vascular graft repair is indicated, or else a conventional 
invasive technique must be used. Moreover, the same con- 
sideration of a minimum healthy portion of the host vessel 
applies in other areas, especially with regard to the portion 

10 of the aorta adjacent the branching subclavian or carotid 
arteries. 

A number of techniques have been proposed for anchor- 
ing grafts to vessel wdls, most notably the use of barbs or 
hooks extending outward from graft that embed themselves 

t^ into the vessel wall. Although these devices secure the graft, 
they may damage the vessel wall and cause complications. 
Alternatively, portions of the stent may extend beyond the 
upstream end of the graft body and 1^ bent outward into 
contact with the vessel wall, either from a pre- or shape 

20 memory-bias, or from expansion of a balloon in this region. 
In the context of repairing an aneurysm in the abdominal 
aorta, some manufacturers have provided a stent at the upper 
end of a bifurcated graft that extends across the renal 
arteries. For example, the TALENT brand of Endovascular 

^ Stent-Graft System available from World Medical of 
Sunrise, Florida, includes an undulating wire support frame 
extending above the graft body intended for supra-renal 
fixation. Likewise, the ZENITH AAA brand of Endovascu- 
lar Graft from Cook, Inc. of Bloomington, Indiana, utilizes 
an undulating wire support having baibs for supra-renal 
fixation of the graft. However, because these wires extend 
across the opening of the branching renal arteries they 
present a certain impediment to bbod flow therethrough. 
Moreover, any structure placed in the path of blood flow 
may tend to initiate the blood clotting cascade, which in turn, 
may generate free-floating emboli that would adversely 
impact the kidneys, or other organ that is perfused through 
the affected side branch. Because tbe kidneys are highly 
- susceptible to injury from incursion of such emboli, it is 

^ highly desirable to avoid even the possibility of blood 
clotting at the mouth of the renal arteries. 

Despite much work in this highly competitive field, there 
is still a need for a more secure means of anchoring a 
bifurcated graft in the abdominal aorta. More generally, 
there is a need for a more secure means of anchoring a 
tubular graft in a primary vessel in the vicinity of a vessel 
side branch. 

SUMMARY OF THE INVENTION 

SO 

Tbe present invention comprises a vascular graft adapted 
for placement in a primary blood vessel and suited to bridge 
a vessel side branch. Tbe graft comprises a tubular structure 
defining an outer surface, a first portion of the outer surface 

55 being sized to contact and support the blood vessel on one 
side of the side branch, and a second portion of the outer 
surface being sized to contact and support the blood vessel 
on the other side of the side branch. The tubular structure 
defines an aperture for aligrunent with the side branch so as 

60 to permit blood flow between the blood vessel and the side 
branch. Tbe first and second portions may be separated 
across a gap and the graft further may include at least one 
bridging member traversing the gap and connecting the first 
and second portions so as to prevent relative axial separation 

65 of the two portions after implantation, the aperture being 
defined between the bridging member and the first and 
second portions. Tbere are desirably at least two bridging 
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members and two apertures, and potentially four bridging providing a tubular primary graft having a first end; 

members and four apertures. Further, the t»idging member delivering the first end of the primary graft into an implant 

may be a relatively rigid strut position; and 

In another aspect, the invention provides a vascular graft radially expanding the first end of the primary graft 

adapted for placement in a primary blood vessel and suited 5 against the iimer surface of the blood vessel on one side 

to bridge a vessel side branch, comprising: of the side branch. 

a first tubular structure sized to contact and support the providing a tubular support graft including a first tubular 

blood vessel on one side of the side branch; section and a second tubular section connected to the 

a second tubular structure sized to contact and support the first tubular section; 

blood vessel on the other side of the side branch; and delivering the tubular support graft so that the second 

at least one bridging member ooimectiiig the first and tubular section is within the primary graft first end; and 

second tubular strucmres so as to define an aperture in radially expanding the tubular support graft so that the 

the vascular graft sized for blood to flow through first tubular section contacts and supports the blood 

between the blood vessel and the side branch. 15 vessel on one side of the side branch and the second 

At least one of the first and second tubular structures tubular section contacts and supports the inner surface 

desirably comprises a flexible graft body and a support stent, of the primary graft first end 

wherein the strut is directly connected to the graft body. Either method is preferably accomplished by cndolumi- 

More preferably, the flexil)le graft body is only provided in nally delivering both the tubular support graft and the 

one of the first or second tubular structures, the other tubular 20 tubular primary graft. 

structure being defined solely by the stent. a further understanding of the nature and advantages of 

In a further a^ect, the invention provides a vascular graft invention will become apparent by reference to the 

system adapted for placement in a primary blood vessel and remaining portions of the specification and drawings, 
adjacent a vessel side branch. The system includes a tubular 

support graft including a first tubular structure sized to 2s BRIEF DESCRIPTION OF THE DRAWINGS 

contact and support the blood vessel on one side of the side piG. 1 is a sectional view through an abdominal aorta 

branch, and a second tubular structure spaced from and branching renal and iliacarterics, and iUustrat- 

connected to the fi^^t tubular struchire and sized to contact ^ embodiment of a graft of the present invention for 

and support the blood vessel on the other side of the side ^tipporting a trunk portion of a bifiircated graft, shown in 

branch. The system further mchides a tubular primary graft 30 uhantom. 

sized to co-axially couple with the first tubular structure. At J . . . ^ j,^^ * 

least one bridging member may connect the fir^ and second FIG. 2 is a perspective view of the graft of HG. 1; 

tubular structures so as to prevent relative axial separation of FIG. 3 is a perspective view of an alternative graft in 

the two tubular structures after implantation, an aperture accordance with the present invention having two planar 

being defined between the bridging member and the first and 35 bridging members; 

second mbular struaures of a sufficient size to permit blood FIG. 4 is a perspective view of a fiuther graft of the 

flow though the vessel side branch. In one application of the present invention having two wire-like bridging members; 

system, the primary vessel is the abdominal aorta, the vessel p|G. 5 is a perspective view of a fiuther graft of the 

side branch comprises the renal arteries, and the tubular present invention having fom bridging members; 

primary graft a portion of a bifurcated graft. In addition, 40 fig. 6 is a sectional view of the abdominal aorta in the 

at least one of the first and second Uibular structures pref- ^ .^^ ^^^^ ^^^^ iUusUating a stiU fiirther embodi- 

erably comprises a flexible gaft body and a support sten^ ^^^^ ^ of present invemion used to support the trunk 

and more preferably the flexible ^ft body is only provided ^^^^ bifiircated graft, shown in phantom; 

u the tubular structure that is disposed inn-a-renaily, the ^ . . . ^ ^ ^ , , 

other tubular structure disposed supra-renaUy being defined 45 ^ ^ ^ perspective view of the graft of HG. 6; 

solely by the stent. Hie stent may be self-expandable or RG- « is an elevational view of the graft of HG. 6 

balloon-expandable. showing certain axial dimensions; and 

Methods of supporting a tubular primary graft in a pri- FIG. 9 is an axial sectional view of an abdominal aorta in 

mary blood vessel adjacent a vessel side branch is also the region of the renal arteries showing certain anatomical 

provide by the present invention. One method includes, 50 dimensions, 

providing a tubular support graft inchiding a first tubular DESCRIPTION OF THE PREFERRED 

section and a second tubular section connected to the EMBODIMENTS 
first tubular section; 

delivering the tubular support graft into an implant posi- ^ iUusirates a graft 20 of the presem invention 

jjjjQ. 55 deployed within a primary vessel, in this case the abdominal 

J 1 ' *u I ^ £ aorta 22. Apairofside branches 24 is shown intersecting the 

deplo)ing the tubulw^TOOrtgraftso (Biauhe tubular ^ ^, ,pp„;ri„«ely the same axial location 

section contacts and supportethc Mood vessel on one ^ ^^^^^ ^ abdominal aorU 22, 

side of the sule brwch and the second tiibular section ^ ^^^^ ^ 

TthSde bS *'° « shown. He abdominal aorta 22 continues downward from 

' the renal arteries 24 and bifurcates at a Y-j unction 26 into the 

providing a tubular primary graft having a first end; j^ft ^ght iliac arteries 28. 

dehvering the first end of the primary graft within the The present invention provides a tubular graft within a 

support graft second tubular section; and primary vessel for supporting another tubular graft in the 

radially expanding the first end of the primary graft 65 primary vessel in proximity to a side vessel. It should 

against the iimer surface of the second tubular section. therefi)rB be understood that although the drawings and 

Another method includes the steps of: description involve a gjnA in the abdominal aorta for sup- 
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poiting another graft in the region of the renal arteries, the between the first and second tubular sections 50, 52 of the 

same principles apply whichever primary vessel or side graft and separate the windows 64. Preferably, the bridge 

vessel is involved. For example, as illustrated in FIG. 1, the segments 66 extend circumferentially aroimd the graft body 

graft 20 could be used in the vicinity of a side branch 30 in 60 a small arc in relation to the adjacent windows 64 so as 

the iliac arteries 28. Representative conditions suitable for 5 to maximize the size of the blood flow apertures 56. In one 

repair with the grafts of the present invention include the embodiment, the bridge segments 66 each circmnferentially 

abdominal aortic aneurysm (AAA) descnbed herein, a Iho- extends between about 1-90® aroimd the graft body 60, and 

racic aortic aneurysm (TAA), and an aortic uni-iliac (AUI) more preferably each exUnds about 5-10*. 

aneurysm. For purpose of explanation, however, the term The blood flow apertures 56 are sized to enable aligimient 

"side branch" will be used ' intetcbangeably herein with with side branches of varying sizes. Of course, the particular 

^renal artery," and the term "primary vessel" will be used size is defined by the axial dimension and the ciicumfcreo- 

interdiangeably with "abdominal aorta." tial arc of the windows 64, which depends on the overall 

As illustrated in FIG. 1, the graft 20 helps anchor a trunk graft diameter and length. For instance, a graft that is 

portion 34 of a bifurcated graft 3 6, shown in phantom. The designed for small arteries and small side branches wiU have 

bifurcated graft 26 typically comprises the tmnk portion 34 jj a reduced diameter and reduced window size. Additionally, 

that diverges at a septum 38 into a pair of legs 40. One or if the graft is intended to bridge only one side branch then 

both of the legs 40 may extend a sufficient distonce to form only one window is required. In a preferred embodiment, for 

a seal within the iliac arteries 28, or tubular extensions 42 use in the abdominal aorta 22 to bridge the renal arteries 24, 

may be provided for this purpose. The end result is that the the graft 20 has a diameter of between about 19 and 30 nmi, 

bifurcated graft 36 (and optional tubtdar extensions 42) jo and a length of between about 22 and 46 mm. The opposed 

extends fi^om a healthy portion 44 of the abdominal aorta 22 windows 64 have an axial length of between about 6 and 20 

to both of the iliac arteries 28, spanning an aneurysmic mm, and extend drciunferentially around the graft body 60 

region 46. Once the bifurcated graft 36 is in place, blood between about 90" and 189*. The renal arteries 24 typically 

flows therethrough and blood pressure is reduced between have a diameter of between about 8-10 mm, and thus the 

the aneurysm 46 and the exterior of the graft. Ultimately, the ^5 windows 64 are desirably oversized to ensure open blood 

aneurysm 46 coll^ses inward around the graft, which flow through the renals, and to accommodate oflEsct or 

remains in place. otherwise misaligned pairs of renals. 

Wiiti reference to FIGS. 1 and 2, the graft 20 of the The stent 62 actually comprises a first stent portion within 

present invention comprises a first tubular section 50 and a the first tubular section 50, and a second stent portion within 

second tubular section 52 connected via at least one bridging 30 the second tubular section 52. The first and second stent 

member 54. The first tubular section 50 is spaced fi-om the portions may be subsUntially similar in construction, or may 

second tubular section 52 across a gap that, in conjunction be configured dififcrcntly, as desired. Those of skill in the art 

with the bridging member 54, defines an aperture 56 for will understand that a variety of different types of stents may 

blood flow. If the first and second tubular sections 50, 52 are be used to internally support a tubular graft body, 

co-linear, then the bridging member 54 is generally axiaUy 35 In a preferred embodiment, the stent 62 comprises a 

disposed. Alternatively, if the graft 20 is intended for plurality of separate, spaced-apart wireforms 70, each 

implantation in a curvilinear vessel, the first and second formed in an undulating, or sinusoidal pattern. Each of the 

tubular sections 50, 52 may be aligned along a curvilinear wireforms 70 includes alternating peaks and valleys, with 

axis, in which case the bridging member 54 will also be either the peaks or valleys being woven throu^ the graf t 

generally disposed along the same ciu^^e. Still ftirther, the 40 body. More specifically, as seen in FIG. 2, there are three 

graft 20 may be multi-curvate, for example S-shaped, in axially-spaced rows of wireforms 70 in the first tubular 

which case the first and second tubular sections 50, 52 and section 50, and four axially-spaced rows of wireforms in the 

bridging member 54 wiU follow the multiple curves. second tubular section 52. Either the peaks or valleys of 

As ilhistcated in FIG. 1, the aperture 56 is aligned with at these rows of undulating wireforms are woven through slits 

least one of the side branches 24. In a preferred application, 45 72 formed in the graft body 60. In this manner, the wire- 

the graft 20 is used to support a bifurcated graft 36 in forms 70 are prevented from migrating axially within the 

proximity with the renal arteries 24, and thus defines two graft body 60 with respect to one another, and thus provi(te 

apertures 56, each aligned with one of the renal arteries. In & fairly uniform inner support structure for the flexible graft 

this context, the first tubular section 50 is secured in contact body. As mentioned, each wireform is either radially self- 

with a supra-renal portion of the abdominal aorta 22, while 50 expandable to the configuration shown, or is capable of 

the second tubular section 52 is secured in contact with an plastic deformation when balloon-expanded. In either case, 

infra-renal portion. The apertures 56 are sized laige enough the stent 62 (comprising the array of wireforms 70) com- 

so that no portion of the graft 20 resides in the blood flow presses the graft body 62 against the inner wall of a tubular 

path of the renal arteries 24, and also so that renal arteries blood vessel to form a fluid seal therebetween. Moreover, 

that are slightly axially ofifeet from one another can be 55 cerUin materials and/or sleeve-like structures are available 

accommodated. to enhance the seal between the exterior of the graft 20 and 

Wiih specific reference to FIG, 2, the graft 20 comprises vessel wall, and may be combined with the present 

a tubular graft body 60 internally supported by a stent 62. invention. 

The tubular g raft body 60 may be formed of one or more A phirality of crimps 74 is visible on the exterior of the 

pieces, typically of a b iocompatible fabric such as polyester 60 graft body 62. The crimps 74 join free ends of each wireform 

(e.g., polyterepthalate). Alternatively, the graft body 60 may 70, which comprise one or more wire segments bent into the 

be an extruded PTFE tube. In a particular preferred undulating pattern, and into the annular shape required, 

embodiment, the graft body 60 is one piece, with the Though the crimps 74 are not sharp, they provide an 

apertures 56 formed by diametrically-opposed, geoeraUy irregular siuface structure on the exterior of the graft 20, and 

oval-shaped windows 64 cut io the body and extending 6S thus be^ secure the graft in position within the vessel, 

circumferentially around the body into proximity with one The bringing member 54 seen in FIGS. 1 and 2 comprises 

aaotber.TVvobrid|gesegments66of the graft body 60 extend a reinfondog strut 80 and the aforementioned bridge seg- 
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meats 66 of the graft body 60. Tbe reinforcing strut 80 is a 
relatively rigid elongate member extending between tbe first 
aod second tubular sections 50, 52 of the gi^ft 20. In a 
preferred embodiment, the reinforcing strut 80 is a biocom- 
patible metal (e.g., stainless-steel) ship or rod secured at 
each end to either the graft body 60 or the stent 62. If the 
ends of the reinforcing strut 80 are secured to the graft body 
60 as shown, sutures are typically used to sew an eyelet, 
hook or other such feature (not shown) provided on each end 
of the reinforcing strut. If the ends of the reinforcing strut 80 
are secured to tbe stent 62, crimps are preferably used 
between juxtaposed ends of the cbsest wireforms and tbe 
reinforcing strut. As shown, the leinforcing struts 80 are 
desirably located to the outside of the bridge segments 66, 
although the reverse configuration is contemplated as well. 

The bridging members 54 serve to andior one of the first 
and second tubular sections 50, 52 of the graft 20 with 
respect to the other, and desirably maintain the spacing 
between the tubular sections, while at the same time present 
very little in the way of structure that might occlude or 
otherwise interfere with the blood flow between the primary 
vessel 22 and the affected side brancb 24. The bridging 
members 54 must have tensile strength to withstand migra- 
tory forces that may tend to separate the first and second 
tubular sections 50, 52. In an exemplary configuration, the 
upstream section 50 or 52 serves to anchor the downstream 
section by virtue of their connection with the bridging 
members 54. In addition, the bridging members 54 may be 
relatively rigid in the sense that they have column strength 
sufiBcient to prevent the tubular sections 50, 52 from migrat- 
ing toward each other after implantation. 

The bridging members 54 have a radial dimension that is 
approximately the same as the rest of the graft 20; that is, 
they do not project radially into or out from the side wall of 
the graft. The circumferential width of each bridging mem- 
ber 54 depends on tbe intended use for the graft 20. That is, 
if the graft 20 is to be used in the abdominal aorta 22 to 
bridge the renal arteries 24 as shown in the drawings, ihtn 
there are two bridging members 54 diametrically spaced 
apart of relatively narrow circumferential width. In this way, 
the bridging members 54 each axially extend along the wall 
of the abdominal aorta 22 at 9(f orientations from the 
openings to the renal arteries 24, and there is no chance of 
occluding blood flow between the abdominal aorta 22 and 
renal arteries 24. Alternatively, if there is only one side 
branch then there need only be one bridging member of 
relatively greater circumferential width than as shown. That 
is, the bridging member might extend 180° or more around 
the graft, with the corresponding window opening up the 
remaining portion. In general, as long as care is taken to 
orient the window(s) in registration with the side branch or 
branches, then the bridging member(s) will not occlude 
blood flow. 

The embodiment of FIGS. 1 and 2 shows relatively rigid 
bridging members 54 that are constructed of, for example, 
wires- Alternatively, the bridging members 54 may be strips 
of biocompatible fabric or even sutures that provide teosUe 
strength to prevent the downstream tubular section 52 from 
migrating with respect to the upstream section 50. In the 
illustrated example, the upstream section 50 anchors the 
graft 20, and in particular the downstream tubular section 
52, with respect to the renal arteries 24. In this context, one 
or the other of the tubular seaioi^ 50, 52 may be designed 
to better anchor the graft 20 in tbe primary artery 22, and the 
other may perform another function, such as supplementing 
a damaged section of the artery so that another graft may be 
secured adjacent the side branch 24. Of course, however. 
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both tubular sections 50, 52 can be coostnicted to have 
identical anchoring and vessel supporting characteristics if 
the graft 20 is used to repair a damaged length of tbe vessel 
ttiat extends upstream and downstream of the side brandi. 

FIG. 3 illustrates an alternative graft 90 of the present 
invention having a first tubular section 92 separated firom a 
second tubular section 94 across a gap 96 and cormected 
across the gap by two bridging members 98. Again, the graft 
90 comprises a graft body 100 and an internal stent 102. The 
graft body 100 may be a tubular biocompatible fabric, and 
in the illustrated embodiment is separated across the gap 96 
into two tubular portions in the respective first and second 
tubular sections 92, 94. Because the facing edges of the two 
tubular portions of the graft body 100 are circular, the gap 
ts 96 is tubular. The stent 102 again comprises a plurality of 
spaced-apart annular wireforms, although it should be noted 
that the first tubular section 92 only has a single wirefonn 
104. 

The bridging members 98 are elongated planar bars or 
^ strips of relatively rigid material, such as stainless-steel or a 
suitable polymer connected directly to the stent 102 or to the 
graft body 100 in the first and second tubular sections 92, 94. 
Again, the bridging membeis 98 must have must have 
tensile strength to withstand migratory forces that may tend 
^ to separate tbe first and second tubular sections 92, 94 after 
implantation, while at the same time must not occlude or 
otherwise interfere with the blood flow between the primary 
vessel and the affected side branch or branches. Therefore, 
instead of being relatively rigid, the bridging members 98 
may be strips of fabric, such as polyester, or sutures for that 
matter. 

FIG. 4 illustrates an alternative graft 110 of the present 
invention having a first tubular section 112 separated from a 
second tubular section 114 across a gap 116 and connected 
across the gap by two bridging members 118. Again, the 
graft HO comprises a graft body 120 and an internal stent 
122. The graft body 120 may be a tubular biocompatible 
fabric, and in the illustrated embodiment is separated across 

^ the gap 116 into two tubular portions in the respective first 
and second tubular sections 112, 114. In this case the facing 
edges of the two tubular portions of the graft body 120 are 
uneven by virtue of a plurality of notches 123, and thus the 
gap 116 is uneven as well. The stent 122 again comprises a 
plurality of spaced-apart aimular wireforms, with the first 
tubular section 112 having two wireforms and the second 
tubular section 114 having three. 

The bridging members 118 each comprises lengths of 
wire either separate fi-om tbe stent 122 or defined by 

50 extensions of one or the wireforms. If the bridging members 
118 are separate from the stent 122, they are connected 
directly to the stent using a crimp 124, for example, or are 
connected indirectly via stitching 126 to the graft body 120. 
In an exemplary embodiment as illustrated, the bridging 

55 members 118 are connected via crimps 124 to free ends of 
the lowest wirefonn in the first tubular section 112 and sewn 
to the graft body 120 in the second tubular section 114. 

FIG. 5 illustrates a still further exemplary graft 130 of the 
present invention having a first tubular section 132 separated 

60 from a second tubular secdon 134 across a gap 136 and 
connected across the gap by four (4) bridging members 138. 
Again, the graft 130 comprises a graft body 140 and a stent 
142. The graft body 140 is desirably a tubular biocompatible 
fabric The stent 142 again comprises a plurafity of spaced- 

65 apart annular wireforms, with the first tubular section 132 
having a single wirefisnn 144 disposed on tbe exterior of the 
graft body 140. Tbe external wirefonn 144 can either be 
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woven through slits in the graft body 140 as descnbed 
above, or may be secured thereto with the use of suture 
thread. 

The four bridging members 138 are distributed generally 
cquidistantly around the circumference of the graft 130 and 
each comprises a narrow strip of fabric 146 and a reinfbroe- 
mcQt strut 148. Again, the reinforcement struts 148 may be 
connected direcdy to the stent 142 using a crimp, fDr 
example, or arc connected indirectly via stitching 149 to the 
graft body 140. The use of four bridging members 138 may 
be desirable for stability when smaller branching vessels arc 
involved so that the windows defined between the bridging 
members need not be as large as the previous embodiments. 

FIGS. 6 and 7 illustrate a still further embodiment of a 
graft 150 of the present invention that defines a tubular 
structure having a first portion 152 and a second portion 154 
separated from the first portion across a gap 156. Two 
bridging members 158 extend generally axially between and 
couple the first and second portions 152, 154 to prevent their 
relative movement before during and after implantation. In 
this embodiment, the first portion 152 of the tubular struc> 
ture is defined solely by a stent 160, while the second portion 
154 is defined by a stent 162 internally supporting a tubular 
graft body 164. 

The upper stent 160 comprises an annular wireform 166 
having alternating peaks 168 and valleys 170 and contoured 
curvilinear segments 172 extending therebetween. The cur- 
vilinear segments 172 are shaped so as to nest together when 
the graft 150 is in a radially constricted state, so as to enable 
smaller compaction of the graft. The wireform 166 includes 
one or more segments connected into the aimular shape by 
one or more crimps 174. The lower stent 162 includes a 
plurality of axially-spaced undulating wireforms woven 
through the graft body 164, as previously described. 

The bridging members 158 each comprise lengths of wire 
either separate from the stents 160, 162 or defined by 
extensions of one or the wireforms. If the bridging members 
158 are separate from the stents 160, 162, they are connected 
directly to the upper stent 160 using a crimp 176, and are 
connected directly to the lower stent 162 using a crimp or 
indirectly via stitching 178 to the graft body 164. In an 
exemplary embodiment as illustrated, the bridging members 
158 are connected via crimps 176 to free ends of the 
wireform 166 in the first portion 152 and sewn to the graft 
body 164 in the second portion 154. 

FIG. 6 shows the graft 150 in place within a primary 
vessel 180 (e.g., the abdominal aorta) and bridging two 
oppositely-directed vessel side branches 182 (e.g., the renal 
arteries). The first portion 152 is located to contact and 
support the primary vessel 180 on one side of the side 
branches 182, while the second portion 154 is located to 
contact and support the primary vessel on the other side of 
the side branches. The gap 156 is iM)sitioned to permit blood 
flow between the primary vessel 180 and side branches 182, 
as indicated by the flow arrows 184. The bridging members 
158 extend axially across the gap 156 against the wall of the 
primary vessel 180 at approximately 90** orientations from 
the side branches 182. Another graft 186 (e.g., the trun k of 
a bi furcatejL graft) is seen posiU oned within the second 
p ortionJ[54 . In this way, the gratflSd is secured witnm the 
uniform and tubular second portion 154, which in turn is 
anchored within the primary vessel 180 from its own contact 
with the vessel wall, and by virtue of its connection to the 
first portion 152 via the bridging m^bers 158. This system 
of supporting one graft with another permits graft position- 
ing very close to the vessel side branches 182, and is 
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especiaUy effective when the primary vessel is distended 
even very close to the side branches. 

The axial dimensions of the various grafts disclosed 
herein may be selected to match the particular anatomical 

5 dimensions surroimding the affected side branch . That is, the 
grafts, including two tubular sections with an apertiu^ or gap 
therebetween and bridging members connecting the 
sections, are sized so as to permit blood flow through the 
affected side branch and any adjacent side branches. For 
example, the graft 150 seen in FIGS. 6 and 7 is positioned 
so that the first portion 152 is above the renal arteries 182 
and the second portion 154 is below tt^ renals. 

A more detailed depiction of the relative axial dimensions 
for the graft 150 and region of the abdominal artery 180 near 
the renals 182 is seen in FIGS. 8 and 9. In addition to the 
renal arteries 182, the openings for the superior mezzanteric 
artery 190 and the ciliac artery 192 are shown in FIG. 9. 
These arteries typically project in the posterior direction, in 
contrast to the laterally-directed renals 182, and are located . 
close to but upstream of the renals. The distance from the 

20 lowest of the arteries 190 or 192 and the highest of the renals 
182 is given as A, the distance from the upstream side of the 
highest of the renals 182 to the downsU-eam side of the 
lowest of the renals is given as B, and the distance between 
the downstream side of the lowest of the renals to the end of 

25 the perceived healthy portion of the abdominal aorta 180 is 
given as C. In addition, the diameter of one of the renal 
arteries 182 is given as D. The axial dimensions of the graft 
150 are given in FIG. 8 as: L for the overall for the tubular 
structure, for the first portion 152, L2 for the gap 156, and 

3Q Lj for the second portion 154. 

In a preferred embodiment, L2>D, and if the renal arteries 
182 are ofl&et, L2>B, In addition, is preferably smaller 
than or equal to A, so that the first portion 152 does not 
occlude eidier of the arteries 190 or 192. Finally, the length 

35 L3 of the second portion 154 is desirably less than the length 
C of the healthy portion of the abdominal aorta 180, but may 
be greater than C. 

In a specific embodiment, for use in the abdominal aorta 
180 to bridge the renal arteries 182, the graft 150 has a 

40 diameter of between about 19 and 30 mm, and a length L of 
between about 22 and 46 mm. The renal arteries 182 
typically have a diameter of between about 5-10 mm, and 
may be o&et center-to-ceoter up to 10 cm. Thus the gap 156 
has an axial length of between about 6 and 20 mm, and 

45 is desirably oversized to ensure open blood flow through the 
renals and to accommodate ofiEset or otherwise misaligned 
pairs of renals. The length for the first portion 152 is 
desirably about 6 mm, but may vary depending 00 need. The 
length C of the healthy portion of the abdominal aorta 180 

so should be at least 5 mm to enable the proper seal of tte 
second portion 154 with the aorta, which is smaller than an 
endovascular repair would currently be indicated. Tb& 
length L3 of the second portion 154 is preferably at least 6 
mm, more preferably about 10-20 mm. Of course, if the 

55 graft 20 is used to repair a longer section of vessel as a 
primary graft, the length L3 of the second portion 154 can be 
longer than 20 mm, up to the cunently accepted maximum 
length of straight tube vascular graft. 
To ensure the proper size/configiuation of graft, the 

60 surgeon first determines the anatomical landscape through 
the use of angioscopy; that is, by injecting a contrast media 
and visualiziiig flow through the affected vessels with an 
X-ray device. The dimensions noted in FIG. 9 can thus be 
obtained. A rang^ of different sized grafts are preferably 

65 available, and the surgeon then selects the graft to match the 
anatomy in conformance with the above preferred guide- 
lines. 



04/14/2003, EAST Version: 1 •03.0002 



us 6344,056 Bl 



11 



12 



During implaotation, the surgeon can ensure proper place- 
ment and orientation of the grafts of the present invention 
with the use of radiopaque markers on the graft. For 
example, the stent structure, or portions thereof could be 
radiopaque, or markers can be attached to the stent or graft 
body. In FIG. 7, for instance, the wirefonn 1<60 and the upper 
wireform in the stent 162 are desirably radiopaque so as to 
enable the suigeon to monitor the approximate axial borders 
of the gap 156. Furthermore, the bridging members 158 or 
crimps 176 may be radiopaque to enable rotational orienta- 
tion with respect to the respective side branch or branches. 

A method of supporting a tubular primary graft in a 
primary blood vessel adjacent a vessel side branch, in 
accordance with the present invention can be illustrated with 
reference to the embodiment of FIG. 6. First, the tubular 
graft 150 is implanted in the primary vessel 180 such that the 
fiist portion 160 contacts and supports the primary vessel on 
one side of a side branch 182, in this case the two renal 
arteries, and the second portion 154 contacts and supports 
the primary vessel on the other side of the side branch. 
Implantation of the tubular graft 150 can be accomplished 
by releasing a self-expandable version of the graft from 
within a catheter sheath in the proper location, or positioning 
a ballooo-expaodable version of the graft and inflating a 
balloon within the interior of the graft. A primary graft 186 
is then delivered in a radially constricted state to a position 
overlappiog the end of the second portion 154 and radially 
expanded into contact therewith. Again, the primary graft 
186 may be either self-expanding or balloon-expanding. 

An alternative method comprises implanting the tubular 
graft 150 after the implantation of the primary graft 186. 
That is, the second portion 154 of the tubular graft 150 is 
self- or balloon- expanded outward into contact with the 
primary graft 186. Indeed, the primary graft 186 may be 
implanted for a significant period of time before the need for 
the supporting function of the tubular graft 150 is recog- 
nized. 

As mentioned above, one tubular portion of the graft may 
perform an anchoring s function to maintain the position of 
the other portion that may or may not have the same 
anchoring characteristics. For instance, the graft portion 
upstream of Che side branch may anchor the downstream 
portion, which in turn reinforces, supplements or seals with 
the primary vessel so as to enable placement of another graft 
in that location. The present invention has been described so 
far in terais of self- or balloon-expandable stents for 
anchoring, but those of skill in the art will recognize that 
there are other ways to anchor. For instance, staples, bent or 
corkscrew, arc becoming more sophisticated and effective, 
and may be used for anchoring. For that matter, any means 
for anchoring one portion of the graft can be used. 

While the foregoing is a complete description of the 
preferred embodiments of the invention, various 
alternatives, modifications, and equivalents may be used. 
Moreover, it will be obvious that certain other modifications 
may be practiced within the scope of the appended claims. 

What is claimed is: 

1. A vascular graft adapted for placement in a primary 
blood vessel and suited to bruige a vessel side branch, 
comprising: 

a tubular structure defining an outer surface, a first portion 
of the outer surface being sized to contact and support 
the blood vessel on one side of the side branch, and a 
second portion of the outer surface being sized to 
contact and support the blood vessel oo the other side 
of the side brandi» the tubular structure defining an 



aperture for alignment with the side branch so as to 
permit blood flow between the blood vessel and the 
side branch; 

wherein the first and second portions are separated across 
a g^p and fiirther including at least one bridging 
member traversing the gap and connecting the first and 
second portions so as to prevent relative axial separa- 
tion of the two portions after implantation, the aperture 
being defined between the bridging member and the 
first and second portions. 

2. The vascular graft of claim 1, including at least two 
bridging members and two apertures. 

3. The vascular graft of claim 1, including four bridging 
members and four apertures. 

4. The vascular graft of claim 1, wherein the bridging 
member includes a relatively rigid strut. 

5. The vascular graft of claim 4, wherein the tubular 
structure comprises a flexible graft body and a support stent, 
wherein the strut is directly connected to the stent. 

6. The vascular graft of claim 4, wherein the tubular 
strucmre comprises a flexible graft body and a support stent, 
wherein the strut is directly connected to the graft body. 

7. A vascular graft adapted for placement in a primary 
blood vessel and suited to bridge a vessel side branch, 
comprising: 

a tubular structure defining an outer surface, a first portion 
of the outer surface being sized to contact and support 
the blood vessel on one side of the side branch, and a 
second portion of the outer surface being sized to 
contact and support the blood vessel on the other side 
of the side branch, the tubular structure definiqg an 
aperture for alignment with the side branch so as to 
permit blood flow between the blood vessel and the 
side branch; 

wherein the tubular structure comprises a flexible graft 

body and a support stent, and 
wherein the flexible graft body is only provided in one of 
the first or second portions, the otiier portion being 
defined solely by the stent. 

8. A vascular graft adapted for placement in a primary 
blood vessel and suited to bridge a vessel side branch, 
comprising: 

a first tubular structure sized to contact and support the 

blood vessel on one side of the side branch; 
a second tubular structure sized to contact and support the 
blood vessel on the other side of the side branch; and 
four bridging members cozmecting the first and second 
tubular structures so as to define four apertures in the 
vascular graft sized for blood to flow through between 
the blood vessel and the side branch. 

9. The vascular graft of claim 8 wherein the bridging 
member includes a relatively rigid strut. 

10. The vascular graft of claim 9, wherein at least one of 
the first and second tubular structures comprises a flexible 
graft body and a support stent, wherein the strut is directly 
connected to the stent. 

11. The vascular grafi of claim 9, wherein at least one of 
the first and second mbular stnictures comprises a flexible 
graft body and a support stent, wherein the strut is directly 

go connected to the graft body. 

12. A vascular graft adapted for placement in a primary 
blood vessel and suited to bridge a vessel side braodi, 
comprising: 

a first tubular structure sized to contact and support the 

blood vessel on one side of the side branch; 
a second tubular structure sized to contact and support the 
blood vessel on the other side of the side branch; and 
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at least one bridging member oouiectij:^ the first and 
second tubular structures so as to define an aperture in 
the vascular graft sized for blood to flow through 
between the blood vessel and the side branch, 
wherein at least one of the first and second tubular 

structures comprises a flexible graft body and a 

support stent, and 
wherein the flexible graft body is only provided in one 

of the first or second tubular structures, the other 

tubular structure being defined solely by the stent. 

13. A vascular graft system adapted for placement in a 
primary blood vessel and adjacent a vessel side branch, 
comprisirig: 

a tubular support graft including a first tubular structure 
sized to contact and support the blood vessel on one 
side of the side branch, and a second tubular structure 
spaced from and connected to the first tubular structure 
and sized to contact and support the blood vessel on the 
other side of the side branch; 

a tubular primary graft sized to oo-axially couple with the 
first tubular structure; and 

at least two bridging members connecting the first and 
second tubular structures so as to prevent relative axial 
separation of the two tubular structures after 
implantation, two apertures being defined between the 
bridging member and the first and second tubular 
structures of a sufficient size to permit blood flow 
though the vessel side branch. 

14. The system of claim 13, wherein the primary vessel is 
the abdominal aorta, the vessel side branch comprises the 
renal arteries, and the tubular primary graft is a portion of a 
bifurcated graft. 

15. A vascular graft system adapted for placement in a 
primary blood vessel and adjacent a vessel side branch, 
comprising: 

a tubular support graft including a first tubular structure 
sized to contact and support the blood vessel on one 
side of the side brandi, and a second tubular structure 
spaced from and connected to the first tubular structure 
and sized to contact and support the blood vessel on the 
other side of the side branch; 
a tubular primary graft sized to oo-axially couple with the 

first tubular structure; and 
four bridging members coimccting the first and second 
tubular structures so as to prevent relative axial sepa- 
ration of the two tubular structures after implantation, 
four apertures being defined between the bridging 
member and the first and second tubular structures of a 
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a tubular support graft including a first tubular structiue 
sized to contact and support the bbod vessel on one 
side of the side branch, and a second mbular structure 
spaced from and connected to the first tubular structure 
and sized to contact and support the blood vessel on the 
other side of the side branch; and 

a tubular primary graft sized to co-axially couple with the 
first tubular structure; and 

at least one relatively rigid strut connecting the first and 
second tubular structures so as to prevent relative axial 
separation of the two tubular structures after 
implantation, an aperture being defined between the 
strut and the first and secoixl tubular structures of a 
sufficient size to permit blood flow though the vessel 
side branch. 

17. The system of claim 16, wherein at least one of the 
first and second tubular structures comprises a flexible graft 
body and a support stent, wherein the strut is directly 
connected to the stent. 

18. The system of claim 16, wherein at least one of the 
first and second tubular structures comprises a flexible graft 
body and a support stent, wherein the strut is directly 
connected to the graft body. 

19. A vascular graft system adapted for placement in the 
abdominal aorta and adjacent the renal arteries, comprising: 

a tubular support graft including a first tubular structure 
sized to contact and support the abdominal aorta on one 
side of the renal arteries, and a second tubular structure 
spaced from and connected to the first tubular structure 
and sized to contact and support the abdominal aorta on 
the other side of the renal arteries; and 

a tubular primary graft sized to co-axially couple with the 
first tubular structure 

wherein at least one of the first and second tubular 

structiu-es comprises a flexible graft body and a 

support stent, and 
wherein the stent internally supports the one of the first 

and second tubular strucnues that is disposed infra- 

renaUy. 

20. The system of claim 19, wherein the flexible graft 
body is only provided in the one of the first and second 
tubular structures that is disposed infra-renally, the other 
tubular structure disposed supra-renally being defined solely 
by the stent. 



21. The system of claim 19, wherein the stent is self- 
sufficient size to permit blood flow though the vessel 50 expandable, 
side branch. 22. The system of clairn 19, wherein the stent is balloon- 

16. A vascular graft system adapted for placement in a expandable, 
primary blood vessel and adjacent a vessel side branch, 

comprising: • • ♦ • » 
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